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I21-21 

I21-25 

I21-22 

I21-23 

I21-24 

I21-21 

Well screen length for each monitoring well was selected  to detect 

potential contaminants within the porous zone; this area is the most 

likely pathway for contaminate movement thru the aquifer system.  

Given the low detection limit of the laboratory methods used, even 

with some dilution caused by a larger screen, parts per trillion lev-

els can still be detected for contaminants.   Contaminants were not 

found in identified wells.  

 

I21-22 

Please see response to Comment I21-21. 

 

I21-23 

The monitoring wells in MMR were located and completed to 

maximize the data collected to assess if Army activities (including 

present past and future training activities) impacted off-site recep-

tors. 

 

I21-24 

Please see response to Comment 21-23. 

 

I21-25 

Sampling and testing were conducted at MMR to evaluate the po-

tential impacts to off-site receptors. The representative sampling 

scheme was performed and data analysis showed no potential for 

contamination to impact off-site receptors. 
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I21-26 

I21-28 

I21-27 

I21-27 

I21-26 

I21-26 

In addition to the monitoring wells along the western boundary 

(through which all discharging groundwater must pass), moni-

toring well MW-5 in the center of the valley, shows no pattern 

of contamination.  The process used was a scientifically based 

sampling program that investigated flow paths most likely to 

impact off-site receptors.  If there were a contamination prob-

lem at Makua, groundwater samples would have shown con-

tamination.  Groundwater contamination at MMR, however, 

was not found. 

 

I21-27 

Soil, sediment, surface water and groundwater media were sam-

pled at locations where introduction of contaminates into the 

environment was most likely. The data collected for MMR pro-

vided an acceptable data set of information to establish the po-

tential environmental impacts of training activities.  See Appen-

dix G-1. 

 

I21-28 

Figure 2.17 in Appendix G-1 has been revised to incorporate 

additional information.  
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I21-29 

I21-31 

 

I21-30 

I21-29 

The vadose zone modeling is a column model unrelated to Figure 

2.17 in Appendix G-1. The vadose zone model is not intended to 

evaluate the geometry of the unsaturated flow system in the area 

of the OB/OD; rather, it provides estimates of retardation and deg-

radation of RDX in the subsurface for certain model simulations.  

Figure 2.17 has been revised to incorporate additional informa-

tion.  

 

I21-30 

The modeling was constructed in accordance with the available 

geologic data.  The modeling incorporated a range of runs, includ-

ing a practical worst case scenario with no retardation or decay,  

that would predict higher concentrations of RDX.   Please see 

Appendix G-1 for a list of all runs conducted. 

 

I21-31 

No perched water bodies were encountered during the drilling of 

monitoring wells. 
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I21-32 

I21-31 

I21-33 

I21-32 

Longer travel times would only reduce the impacts to off-site re-

ceptors.   

 

I21-33 

This groundwater model was calibrated to be consistent with other 

modeling studies, including those done by the USGS.  Models are 

useful to assess different scenarios.  The groundwater modeling is 

used to evaluate potential impacts to get an overall idea of travel 

times.  The results of the sampling showed no off-site groundwa-

ter contamination, and therefore the modeling results was not used 

in the impact analysis. 
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I21-33 

I21-38 

I21-34 

I21-35 

I21-36 

I21-37 

I21-34 

Use of MODFLOW and MT3D are appropriate given the uses of 

the model: to roughly evaluate travel times and pathways. Appen-

dix G-1 of the EIS has been revised to include additional runs 

using the SEAWAT model. 

 

I21-35 

The monitoring wells in MMR were located and completed in 

areas to maximize the data collected to assess the entire flow sys-

tem. Further, the wells were located to determine if Army activi-

ties impacted the environment or if contaminates were moving 

along preferred pathways. 

 

I21-36 

Use of MODFLOW and MT3D are appropriate given the uses of 

the model: to roughly evaluate the range of travel times and path-

ways. The greatest simulated differences in the groundwater flow 

field obtained using a density-dependent model will occur in the 

immediate vicinity of the shoreline, which will not materially af-

fect the estimated travel time for a contaminant that is assumed to 

originate from a source located over an mile inland of the shore.  

Appendix G-1 of the EIS has been revised to include additional 

runs using the SEAWAT model. 

 

I21-37 

Travel times match with those calculated independently with 

Darcy's law (Freeze and Cherry, 1979).  Therefore, the model 

acceptably reproduces flows and water levels in the natural sys-

tem.  

 

I21-38 

Model design included data on permeability collected from the 

wells (Table 3.19 of Appendix G-1) and porosity estimated from 

the moisture content data (Appendix F in Appendix G-1).   
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I21-38 

The model uses a representative elementary volume (REV) of the 

aquifer large enough to incorporate the preferential pathways (Freeze 

and Cherry, 1979). 
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I21-39 

I21-43 

I21-40 

I21-41 

I21-42 

I21-39 

The groundwater model incorporates an overall permeability to 

assess  the dike impounded bodies, which method was used by the 

USGS to model groundwater flow in Oki (1997). 

 

I21-40 

The majority of groundwater flow is occurring in a porous media 

environment (alluvium).  Modeling used at MMR is the same 

method used by the USGS to model groundwater flow in Oki 

(1997), as well as other modeling studies. 

 

I21-41 

The method used incorporates preferential pathways.  Preferential 

pathways occur for only a short distance.  For example, a gravel 

layer may occur that is then mixed with clay and silt.  The hydrau-

lic conductivity values used incorporate all of these different geo-

logic media.  Please see response to Comment  I21-41. 

 

I21-42 

The groundwater model is primarily simulating groundwater flow 

in sedimentary formations.  These are the formations between the 

OB/OD area and the ocean.  Volcanic rock is evaluated by using 

an overall higher permeability. 

 

I21-43 

The monitoring wells at MMR were located and sampled by 

methods that provided data on the spatial and temporal distribu-

tion of contaminates through the entire aquifer system. This data 

coupled with modeling information was also used to determine 

rate of movement of potential contaminates through the environ-

ment. 
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I21-44 

I21-45 

I21-49 

I21-50 

I21-45 

I21-46 

I21-48 

I21-47 

I21-44 

Please see response to Comment I21-14. 

 

I21-45 

Please see response to Comments I21-28 and I21-29. 

 

I21-46 

The concentration of RDX used was an average value and repre-

sented a sound estimate of concentrations in the OB/OD area.  

Model runs used a range of RDX concentration, with some at the 

upper limit of expected values.  A group of runs was conducted to 

obtain a range of fate and transport estimates.  The results of the 

sampling showed no off-site groundwater contamination, and there-

fore the modeling results was not used in the impact analysis. 

 

I21-47 

A total of nine wells and three borehole were drilled at MMR. These 

test holes and their lithologic descriptions were detailed in Appendix 

G-1 of the Draft EIS. 

 

I21-48 

The wells were optimally located to provide lithologic information 

and thickness of the various geologic units present at MMR.  The 

monitoring wells in MMR were located and completed in areas to 

maximize the data collected to assess impacts to off-site receptors.  

 

I21-49 

The monitoring wells at MMR were screened (see Appendix A of 

Appendix G-1) to provide information about the preferential flow 

paths of the aquifers present at MMR. This Appendix A details the 

lithologic description of the geologic units present in the monitoring 

wells.  
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I21-50 

Two order of magnitude variation in measured permeability 

data are common.  The average of these value (Table 3.19 of 

Appendix G-1) is 12.6 ft/day.  In order to incorporate the pref-

erential flow paths, higher values (greater than 23 ft/day) are 

used.  This method of using the upper end of parameters values 

in modeling to incorporate preferential flow paths is com-

monly used (see Oki, 1997).  
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I21-51 

I21-55 

I21-53 

I21-52 

I21-54 

I21-53 

I21-56 

I21-53 

thru 

I21-56 

I21-51 

Hydraulic conductivity values for Molokai were used for compari-

son only. 

 

I21-52 

Modeling was used with a range of parameters to evaluate a range 

of different travel times and rates.  The information obtained en-

abled a reasonable assessment of hydraulic conductivity, as well 

as an estimate of travel times and paths. 

 

I21-53 

Preferential pathways apply on a small scale, so for a model exer-

cise such as this overall permeability can be used that included the 

preferential pathways.  This uses a representative elementary vol-

ume (REV) of the aquifer large enough to incorporate the prefer-

ential pathways (Freeze and Cherry, 1979).  Modeling was con-

ducted with a range of parameters to evaluate a range of different 

travel times and rates.  There was enough information to make a 

reasonable assessment of hydraulic conductivity and to provide an 

estimate of travel times and paths. 

 

I21-54 

Modeling was used with a range of parameters to evaluate a range 

of different travel times and rates.  The information obtained en-

abled a reasonable assessment of spatial-temporal configuration, 

as well as an estimate of travel times and paths. 

 

I21-55 

The drain function in MODFLOW is commonly used to evaluate 

discharge along a surface water body.  Appendix G-1 of the EIS 

has been revised to include additional runs using the SEAWAT 

model. 

 

I21-56 

Model discharge via the drain function was compared independ-

ently to Darcy's law (Freeze and Cherry, 1979) comparison, and 

the discharge  was within an acceptable range.  
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I21-58 

I21-57 

I21-59 

I21-57 

The groundwater model combined all of the geologic/

hydrogeologic information available for Makua.  The model design 

allows for a reasonable characterization of the overall flow system 

within the valley and a valid estimate of potential contaminant mi-

gration rates, with and without retardation/degradation of the ener-

getic contaminants of concern.  This modeling study used a range 

of parameters to evaluate fate and transport estimates. 

 

I21-58 

The modeling study used specific yield/storage coefficient esti-

mates compiled by the USGS (Hunt 1996) for aquifer systems on 

the island of Oahu.  Because pumping from the aquifer does not 

occur, changes in storativity or specific yield values would make 

no difference in the model calculations. Rather, values for porosity 

were used to calculate contaminate travel times.  

 

I21-59 

Recharge rates were taken from Shade (1996), a USGS water 

budget study that provided a good estimate of recharge. 
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I21-60 

The objective of the modeling was to evaluate fate and transport esti-

mate from areas evaluated to be of potential concern.  Based on a re-

view of the data collected, the distribution of the contaminants ap-

peared limited to the OB/OD and impact areas.  Modeling was used 

with a range of parameters to evaluate different travel times and rates 

from the OB/OD and impact areas. 

 

I21-61 

The distribution of monitoring wells was designed to sample ground-

water flowing from MMR that could potentially impact off-site recep-

tors.  Even assuming another contaminated site other than the OB/OD 

area or impact area, the monitoring well network would have evaluated 

impacts to off-site receptors due to groundwater flow.   

 

 

 

I21-60 

I21-61 
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I21-63 

I21-62 

I21-64 

I21-62 

The unsaturated zone modeling used estimates of parameters 

based on a variety of data sources from Oahu and valid assump-

tions commonly used in modeling exercises.  There was enough 

information to make a reasonable assessment of hydraulic conduc-

tivity and provide estimates of fate and transport. 

 

I21-63 

The two rounds of sampling lysimeters in the vadose zone are 

reasonable to calculate the concentration necessary to evaluate 

impacts to off-site receptors.  The average concentration of RDX 

from the lysimeters of about 5 mg/l is consistent with concentra-

tions reported at other Army sites (Cornhusker Army Ammunition 

Plant (AAP) in Nebraska is about 0.2 mg/l, Milan AAP in Tennes-

see is 0.8 to 1.8 mg/l). 

 

I21-64 

See response to Comment I21-62. 
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I21-65 

I21-67 

I21-66 

I21-65 

The match of simulated and measured data was within common 

practices, and attained the goals of the modeling effort:  to pro-

vide an estimate of 100-year flood inundation and sediment 

load. 

 

I21-66 

The surface water modeling uses parameters obtained from both 

field data and information from the literature as discussed in 

Appendix G-1.   It is standard practice in the surface water mod-

eling field to use both field collected and literature obtained 

parameters to design the model. 

 

I21-67 

See response to Comment I21-65. 
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I21-68 

I21-69 

I21-70 

I21-71 

I21-72 

I21-73 

I21-74 

I21-75 

I21-76 

I21-68 

See response to Comment I21-66. 

 

I21-69 

See response to Comment I21-66. 

 

I21-70 

Soil moisture data were collected primarily in September and Octo-

ber, 2002.  Additional text has been added to Appendix G-1. 

 

I21-71 

Vegetation type is related to roughness, which is a parameter in the 

overland flow calculation.  This parameter was discussed in Ap-

pendix G-1. 

 

I21-72 

The surface water modeling in Appendix G  incorporated the dis-

tributed parameter capability by using different soil types at MMR 

as listed in USDA 1972.  The average percentage of grain size was 

calculated using a total of 41 soil samples from across MMR.   

 

I21-73 

See response to comment I21-62. 

 

I21-74 

Documented values for roughness coefficients obtained from scien-

tific literature and acceptable scientific assumptions on parameters 

were relied on to design the model, and the model is in line with 

standard practices. 

 

I21-75 

See response to Comment I21-66. 

 

I21-76 

Shallow hydraulic conductivity tests collected in Hawaiian shallow 

soils tends to underestimate permeability rates. 
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I21-76 

Most of the infiltration occurs in secondary permeability that is not 

measured from laboratory or double ring infiltrometer tests (HLA, 

1996).  Therefore, these tests were not conducted, and infiltration 

parameters were instead taken from field surveys, and values from 

a variety of sites and modeling studies conducted in the literature.     
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I21-77 

I21-78 

I21-79 

I21-80 

I21-81 

I21-77 

The calibration effort took into effect the balance between the 

runoff and infiltration rates. 

 

I21-78 

See response to Comment I21-72. 

 

I21-79 

See response to Comment I21-66. 

 

I21-80 

As stated in the sampling analysis plan, the purpose of the flow 

measurements is to help select samples for analysis by the labo-

ratory over a range of flows. Accordingly, the EIS study required 

a temporary gaging station, not a permanent USGS gaging sta-

tion as alluded to in this comment. 

 

I21-81 

See response to comment I21-80. 
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I21-84 

I21-86 

I21-82 

I21-83 

I21-83 

Standard bottle filling techniques were used, as described in the 

sampling analysis plan. 

 

I21-84 

Like all surface water models, this model's calculations for bed 

load are made with empirical equations.  Measuring bed load in 

the field is not required to provide the parameters to design the 

model.  Text has been added to Appendix G-1 to address bed 

load. 

 

I21-85 

The model simulates suspended sediment discharge and stream 

discharge for the 100 year storm event, which was the objective 

of the modeling effort.  Appendix G-1 has been revised to pro-

vide a discussion of bed load. 

 

I21-86 

 Please see responses to Comments I21-57 and I21-66. 
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I21-86 

I21-87 

I21-86 

The model was calibrated to the 14 February 2003 event (please 

see Appendix G-1).  The modeling was conducted in accordance 

with the objectives outlined in the sampling and analysis plan. 

 

I21-87 

 Please see response to Comment I21-66. 
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