
Appendix A  63

A three-dimensional hydrogeologic framework model 
was constructed using all available information. The 
foundation of the hydrogeologic framework model is a 
geologic framework model constructed from available surficial 
and structural geologic maps and geologic interpretations 
from 318 well logs (fig. 2) (Newcomb, 1969; Grady, 1983; 
Kienle, 1995; and Jervey, 1996). The following summarizes 
the technical aspects of the geologic modeling process and 
conversion of geologic model units to groundwater-flow 
model units (see Hydrogeologic Framework, figs. 3–5).

A.1—Motivation and Methods

The geologic framework modeling process was iterative 
(fig. A1), consisting of three interpretive steps: (1) creation 
of trend surfaces from compiled data, (2) building a 
3-dimensional geologic model using the trend surfaces, and 
(3) analysis of the resulting model to evaluate how well the 
resulting geologic model matches the data. At the end of 
step 3, if the results are deemed inadequate, then the process 
is repeated with appropriate alterations to steps 1 and 2. 
Step 2 uses geologic and other physical principles, such as 
the geologic laws of superposition and original horizontality, 
to construct the distribution of geologic units from surfaces 
representing geologic unit tops and bottoms. More details of 
the motivation and methods used here are provided by Burns 
and others (2011).

Geologic unit tops were modeled as trend surfaces 
(fig. A1B), and it is assumed that the bottom of any unit is 
the top of the underlying unit. Trend surfaces were used for 
five reasons: 
1. Well logs from which geologic picks were selected are of 

variable quality, with inherent inaccuracy in the estimates 
of ground-surface elevation and depth to contact; 

2. Geologic picks from well logs from the previous studies 
were occasionally in conflict with each other, indicating 
that some picks are erroneous; 

3. Geologic tops encountered in boreholes represent point 
samples of an undulating paleotopographic surface; 

4. Mapped geologic contacts are smooth lines drawn across 
the current topography, providing artificial variability in 
estimated geologic unit top elevation; and 

5. An understanding of the trend of the surface and local 
mismatch between data and the trend is deemed to be 
more informative about aquifer-system geometry than 
locally noisy fits acquired using exact interpolation of 
possibly erroneous data. 
An example of using a trend to model a geologic surface 

is shown in the workflow of figure A1B, where mismatch 
between the trend surface and the data provides information 
about location and offset of a fault. 

A.2—Geologic Model Assumptions 
and Implementation

Trend surface modeling was accomplished iteratively 
(fig. A1B); the first step was data compilation and confidence 
weighting. Because no data were obviously of lower quality, 
either initially or during the interpolation, all data received an 
equal weight. In addition to well data, the surficial geologic 
map compilation was also used. Where a geologic contact 
line represents the top of a unit at land surface, the line was 
sampled at a high frequency using points along the line. The 
elevation of the contact at each point was assigned the value 
from a digital elevation map of the land surface topography. 
Because the geologic map was constructed by drawing a 
smooth line across undulating terrain, the sampled geology 
also displayed this undulation. It was assumed that this 
elevation was correct on average, so points representing the 
local median were subsampled from the surficial geology 
points, providing a data reduction and estimates of the typical 
elevation of the contact.

The geologic map sample points were merged with 
the well data to provide sets of points representing each 
geologic model layer. Smooth trend surfaces were fit to data 
representing the top of each geologic unit (step 2 of fig. A1B). 
This was accomplished with a 2-dimensional local estimation 
regression method, LOESS, which was written in S for 
implementation in S-Plus (Cleveland and others, 1992). As 
implemented, LOESS performs a local linear fit to the data 
with an intended goal being a symmetrical distribution of 
the residuals around zero, where the residuals are defined as 
the difference between the measured value and the modeled 
surface. The LOESS algorithm has a variety of options, but 
all options were set to the default except for span and degree. 

Appendix A.  Development of a Three-Dimensional Hydrogeologic 
Framework Model
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Figure A1. The geologic modeling process. (A) Geologic modeling workflow, (B) details of trend surface modeling.
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Degree controls whether the local fitting function is linear 
or quadratic, and in all cases, linear was selected here. Span 
controls the percentage of data that goes into the interpolation 
at any given data point, and data are locally weighted during 
interpolation using a tri-cube weighting function with heavier 
weight nearer the interpolation point. As a result, increasing 
the span uses more data for the local estimation, resulting 
in a smoother trend surface. If the span is small, only data 
close to the interpolation point are used, and the surface 
becomes irregular and numerical edge effects can occur. An 
edge effect is where an incorrect trend supported by only a 
few measurement points is continued past the data, resulting 
in substantially incorrect estimates of the surface in that 
direction. The “best” span is defined here as the largest span 
for which the residuals appear to be randomly distributed 
in space (the smoothest surface with no strong trend in the 
residuals when they are plotted on a map). 

Iterative trend surface modeling revealed three distinct 
fault-bounded geologic modeling blocks (fig. A2). The 
associated faults had significant offsets (greater than 200 ft) 
across known faults or fault groups (fig. 2). The boundaries 
of the geologic modeling blocks represent the approximate 
location of the large offsets of the Rocky Prairie thrust fault 
and the Maupin wrench fault(s). The Maupin wrench fault has 
high offset to the south, with little or no offset to the north. 
The geometry of this fault to the north is uncertain because of 
low data density on the west side of the fault. The well data 
were insufficient to resolve offset on other mapped faults, so 
only these two faults are represented in the geologic model.

Because the angle of plunge of the Mosier syncline 
through geologic modeling block 1 is not known and there are 
little data available to constrain the geologic model, inferred 
control points were added to the interpolation for this block 
to represent the syncline as a gently plunging feature. The 
resulting geologic model has high uncertainty in this block, so 
calculations and estimates for this side of the model implicitly 
have higher uncertainty. However, the modeled geometry 
retains the necessary hydraulic character to route recharge 
in a manner consistent with the best available geologic 
understanding of the watershed.

Sufficient data existed to generate surfaces representing 
the tops of the overburden, the Pomona Basalt, the Priest 
Rapids Basalt, the Frenchman Springs Basalt, and the Grand 
Ronde Basalt (figs. 2, 3, and A2, and appendix A.5). The 
Selah and Quincy-Squaw Creek interbeds were less frequently 
identified in well logs, indicating that they possibly were not 
present or missed during drilling. Well log interpretation of 
the Priest Rapids Basalt was inconsistent, with some studies 
identifying the Lolo and Rosalia sub-units, whereas others 
only used the more generic Priest Rapids designation. Because 
insufficient data were available for the interbeds and the top 
of the lower Priest Rapids Basalt, the tops of these units were 
modeled as proportions of the distance between the overlying 
and underlying tops.

The distance between the top of the Pomona Basalt 
and the top of the Priest Rapids Basalt is partially filled 
by the Selah Interbed, which is overlain by the Pomona 
Basalt. The interbed represents the soil and alluvium that 
was accumulating on top of the Priest Rapids flows until the 
Pomona was deposited over it. Because the Pomona basalt 
flowed in through the valley bottoms and over the lower 
ridges of the paleo-Mosier valley, the thickest parts of the 
Selah correspond to the valley bottom deposits with thinner or 
non-existent deposits preserved in the topographically higher 
areas. Data coverage of the Selah Interbed is sparse with 
the thickest deposits estimated to be approximately 170 ft, 
but more commonly between 30 and 50 ft in the OWRD 
groundwater administrative area (Lite and Grondin, 1988). 
To generate a physically reasonable layer to represent the 
hydraulic character of the Selah Interbed, the interbed was 
modeled as a fraction of the distance between the underlying 
Priest Rapids and overlying Pomona basalt tops. The fraction 
was scaled to zero feet of thickness in the uplands where the 
Pomona basalt pinches out and to 40 ft of thickness in the 
administrative area to provide a simple linear relation that 
matches the data reasonably well (fig. A3). In plan view (not 
shown) measured thickness is highly variable over short 
distances, with relatively thin deposits of this confining unit 
occurring not far from thick deposits. So even though a better 
fit might be achieved using more complicated relations, the 
simplified relation is likely adequate for use in the flow model. 
This is because there is much more uncertainty in hydraulic 
conductivity of the interbeds than in interbed thickness 
through which groundwater flows.

The thickness between the tops of the Frenchman 
Springs Basalts and the Priest Rapids Basalts is filled with two 
individual Priest Rapids Basalt flows and the Quincy-Squaw 
Creek interbed directly overlying the Frenchman Springs unit. 
Twenty-one wells had data on interbed thickness, and the 
sedimentary interbed had no strong or persistent spatial trend 
in thickness (fig. A4). Reported thicknesses ranged from 10 to 
53 ft with an average value of 24.7 ft and a median value of 
20 ft. It is assumed that presence of the Priest Rapids Basalt 
will preserve interbed deposits, so the interbed was modeled 
wherever Priest Rapids Basalt was present. If total distance 
between top of Frenchman Springs and Top of Priest rapids 
was greater than or equal to 30 ft, a constant thickness of 20 ft 
was modeled as interbed. Below 30 ft, interbed thickness is 
modeled as two-thirds of the total thickness (fig. A4).

Many wells contained picks for either or both of the 
upper and lower Priest Rapids flows, but when modeling 
the top of the upper Priest Rapids flow, it became apparent 
that a pick for top of the Priest Rapids unit occasionally was 
in fact a pick for the top of the lower Priest Rapids flow. 
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Figure A2. Simplified geology, wells with interpreted geology, and simulated faults corresponding to major structural features in 
the Mosier study area. Simulated faults were used to define separate geologic modeling blocks.
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To the maximum extent possible, these picks were corrected 
to provide a consistent set of data. To prevent inconsistencies 
with any erroneous points that may have been missed, the 
top of the Priest Rapids unit was modeled as a surface, and 
the demarcation between the two flows was modeled using 
thickness estimates from data where both flows were picked 
in the same wells (fig. A5). In these wells, the thicknesses 
of both the upper and lower units were examined, and the 
upper unit was approximately 70 ft thick with the lower unit 
exhibiting more variability. Additionally, if total thickness of 
the Priest Rapids flows plus interbed thickness was less than 
82 ft, only one flow was typically present. For this reason, the 
demarcation between the units was computed by assuming 
that the lower unit and interbed constituted the entire thickness 
until the 82-ft threshold was exceeded, then the lower unit 
was modeled at a constant 82 ft thick until the upper unit 
was 70 ft thick. After the total value of 152 ft is reached, the 
upper unit is held at 70 ft of thickness with the balance being 
modeled as the lower unit. The lower unit is simulated as 
having a larger extent because the 82-ft threshold is larger 
than the 70 ft typical thickness of the upper unit and because 
it is convenient hydraulically to allow recharge to enter this 
unit directly for flow modeling. This precludes the need to 
rectify potential disconnects between focused recharge to the 
lower unit and the PRMS derived recharge, which inherently 
evenly distributes recharge across the PRMS hydrologic 
units. Contrarily, there is some preliminary geologic evidence 
that the upper unit can be of larger extent in some locations. 
The potential error introduced to the flow model is that more 
water is available from the lower unit at the expense of the 
upper unit, but because these units are separated by less than 
70 vertical ft in the final flow model, and several wells draw 
water from multiple units, this error is likely negligible when 
considering the larger flow-system dynamics. The above 
relations are shown graphically compared to the data (fig. A5).

Only a few wells completely penetrate the Frenchman 
Springs Basalt and contact Grande Ronde Basalt. All of 
these wells are located in the upper part of the model area 
(generally, near the crest of the Columbia Hills anticline, 
fig. 2). As a result, the Frenchman Springs Basalt thickness 
and Grande Ronde unit top elevation are poorly defined except 
in this one small area. Even though the thickness is likely 
variable across the watershed, a typical upland value of 420 ft 
thickness of Frenchman Springs Basalt is used everywhere, 
defining the Grande Ronde unit top elevation everywhere. This 
simplified representation resulted in a corresponding poorer 
fit compared to other interpolated surfaces (table A1 and 
fig. A6). Further, there are no reliable estimates of uncertainty 
of this thickness because there are no Grande Ronde Basalt 
data in most parts of the watershed. However, the simplified 
formulation of both the Frenchman Springs and Grande Ronde 
Basalts is deemed adequate for groundwater-flow hypothesis 
testing subject to the conceptual model of the flow system. 
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Figure A3. The relation between the thickness of the 
Selah interbed and separation between the top of the 
Pomona Basalt and the Priest Rapids Basalt. The line 
shows the simulated relation used in the geologic model.

tac10-0471_figA-04

0

20

40

60

0 50 100 150 200 250

In
te

rb
ed

 th
ic

kn
es

s,
 in

 fe
et

Distance between modeled basalt tops, in feet

Data

EXPLANATION

Modeled interbed thickness

Figure A4. The relation between the thickness of the 
Quincy-Squaw Creek interbed and separation between 
the top of the Priest Rapids unit and Frenchman Springs 
unit. The line shows the modeled relation used in the 
geologic model. 
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This conceptual model merely requires that recharge into 
Frenchman Springs and Grande Ronde Basalts be transmitted 
toward the Columbia River through the deep flow system. 

The residuals of well data for the final modeled surfaces 
are generally symmetrically distributed (fig. A6) and are 
random in map view, with typical magnitudes less than 
50 ft (table A1). Generally, inclusion of surficial geology 
points used in trend surface estimation will result in smaller 
computed variances, mean values closer to zero, and a more 
symmetrical distribution of residuals. However, the number of 
geologic points used in the interpolation is arbitrary because 
surficial geology can be sampled at an arbitrary interval. 
Because the number of sample points affects the computed 
statistics, only well points were used when computing and 
displaying summary statistics that may be used to infer model 
error.

An illustrative example of the role of geologic map 
sample points on geologic model fit results are shown for 
the Frenchman Springs flow top in geologic model block 3 
(figs. A7 and A8). Figure A8C is data shown in A6D that is for 
geologic model block 3. The asymmetry of the histogram for 
the surficial geology points (fig. A8B) indicates that the top of 
the Frenchman Springs unit in outcrop is consistently higher 
than the trend of the well picks, indicating there may be some 
bias in selection of the top of the Frenchman Springs unit 
using drillers’ logs. 
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Table A1.   Summary statistics for well data residuals from the interpolation of each of the modeled basalt unit tops, Mosier, Oregon 
study area. 

[Variance shown in units of square feet. All other quanities in units of feet. While including the surficial geology residuals would have a tendency to reduce 
variance and make the mean value closer to zero, the number of surficial geology points is a function of sampling methodology, so these data are not reported]

Unit top Variance
Standard 
deviation

Number of 
points

Mean Median
5th 

percentile
10th 

percentile
90th 

percentile
95th 

percentile

Pomona 2,404.0 49.0 165 13.8 10.6 -49.6 -36.2 78.9 106.5
Lolo 3,845.3 62.0 214 11.6 16.5 -107.9 -59.7 73.3 103.5
Rosalia 3,469.4 58.9 20 -12.7 -2.6 -96.8 -87.6 47.7 50.8
Frenchman Springs 3,986.9 63.1 240 -12.7 -3.8 -114.3 -79.8 51.9 65.6
Grande Ronde 11,589.7 107.7 39 -29.5 -37.2 -181.2 -162.6 119.6 124.9
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Figure A6. Residuals for the wells only from the interpolation of each of the modeled basalt unit tops (A) Pomona 
Basalt, (B) Lolo Basalt, (C) Rosalia Basalt, (D) Frenchman Springs Basalt, (E) Grande Ronde Basalt. 



Appendix A  71

Figure A7. Distribution of residuals between both the geologic map and well data and the final trend surface for the top of the 
Frenchman Springs unit in geologic model block 3. 
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Figure A8. Residuals between both the geologic map and well data and the final trend surface for the top of the 
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Recall that the best trend surface is defined as the 
smoothest surface that removes most spatial trends in residuals 
and for which the distribution of residuals is symmetric with 
mean value of about zero. Rather than removing possibly 
erroneous data from the dataset, all data are used in the 
analysis. A color scheme was applied to figure A7 to highlight 
the effect of data outliers. Generally, spatial trends in these 
extremes are random, but some trends are discernible. Of 
particular interest is the cluster of highly negative residuals to 
the south. These negative values indicate that the smooth trend 
surface is higher than the data here. Except for these outliers, a 
smooth trend in the area adequately explains the observations, 
matching well data to the north and outcrop data to the south.

There are various possible reasons for these outliers. It 
is possible that the data represent a flow top other than the 
top of the Frenchman Springs unit. Recall that the Frenchman 
Springs Basalt in the area likely comprises four distinct flows. 
It is possible that the geologist that classified the top correctly 
identified the top of one of the lower Frenchman Springs units. 
In general, geologic picks with high negative residuals tend to 
occur in topographically lower areas, so if depth was used to 
identify the top of the unit (instead of elevation) then a lower 
Frenchman Springs flow top may have been identified as the 
top. Another possibility is that there is a fault or other geologic 
structure between the outliers and the remaining data, but 
there are no continuous mapped structures in the area (fig. 2). 
The last possibility considered here is that the data represent 
a local steep-sided bowl-shaped depression in the top of the 
Frenchman Springs unit. This violates the assumption that the 
surface is a fairly simple, smoothly varying surface. Because 
of the likelihood of erroneous interpretation of strata at some 
locations, the assumption of a simple smoothly varying 
surface is retained in the model for parsimony given the 
support of the remaining data. Retention of the high residual 
data in the fit statistics identifies data that can require further 
examination in the future.

Examination of fig A8C shows that the picks with outlier 
high negative residuals wells are generally 200–300 ft lower 
than the trend surface (fig. A8). In fact, these few outliers 
contribute a significant part of the computed variance of the 
residuals (table A2) and skew the histogram of the surficial 
geology picks (fig. A8B). Combination of the residuals 
from each data source, figures A8C and A8B, into a single 
composite data histogram (fig. A8A) shows that the fit criteria 
of symmetrical residuals with mean zero is generally achieved 
for the composite dataset (table A2). 

Surficial geology data points vary smoothly in space, 
so inclusion of these residuals with well residuals for 
computation of fit statistics tends to reduce measures of 
spread (table A2), indicating that summary statistics based 
only on well data provide relatively conservative estimates 
of model error. A typical value of standard deviation for well 
residuals for each layer except Grande Ronde is about 60 ft 
(table A1). This measure of geologic model error generally 
applies in areas where there is some data support to ensure 
the trend surface is near the true value. In areas with poor data 
support, such as geologic-modeling panel 1, the estimated 
surface has greater uncertainty, and far from supporting 
data, should be viewed as reflecting the conceptual geologic 
model. Near structurally complex areas, close to faults with 
significant offset and tight folds, uncertainty also is greater due 
to the inability of a smoothly varying trend model to capture 
small-scale spatial variability. This is illustrated by the larger 
residuals near the Rocky Prairie thrust fault (fig. A7). When 
considering the geometry of the geologic units to be described 
in Mosier, a local error of 100 ft compared to the typical about 
3,000 ft of relief of the surface to be described, corresponds to 
about 3 percent error. Because the median and mean errors are 
close to zero and there are no significant trends in residuals, 
the model-generated surfaces are correct on average. 

Table A2.   Summary statistics for residuals from the Frenchman Springs Basalt top interpolation in geologic-modeling panel number 3, 
Mosier, Oregon, study area.

[Variance shown in units of square feet. All other quantities in units of square feet]

Variance
Standard 
deviation

Number of 
points

Mean Median 5th percentile
10th 

percentile
90th 

percentile
95th 

percentile

Wells 4,269.5 65.3 203 -13.7 -3.3 -115.0 -87.3 51.1 62.8
Geology 1,261.2 35.5 159 23.3 0.9 -0.8 -0.3 75.3 87.8
Both 3,280.3 57.3 362 2.5 -0.0 -97.9 -62.7 60.1 81.1
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A.3—Groundwater-Flow Model Units

The digital geologic model units were converted 
into groundwater-flow simulation model units (fig. 3) 
using estimates of the fraction of each unit occupied by 
hydrogeologic units. Each permeable basalt unit flow top is 
estimated as 10 percent of total flow thickness. Because the 
Frenchman Springs Basalt unit consists of four or five distinct 
flows in the area with insufficient data to allow delineation 
of these individual flows, the flow tops are modeled as one 
unit, consisting of the upper 10 percent of the total thickness. 
Because few wells penetrate the upper part of the Grande 
Ronde Basalt in the study area, only the flow top is modeled 
and the flow interior is treated as a no flow boundary, 
precluding the need to model it explicitly in the geologic 
model. Flow top thicknesses of 10–20 ft are not uncommon 
for sheet flows, and because the Grande Ronde is assumed to 
be a sheet flow in the study area, the Grande Ronde flow top is 
assumed to be a uniform thickness of 20 ft. 

In this study area, the only basalt flow with a documented 
laterally extensive, permeable flow bottom is the Pomona 
Basalt (Lite and Grondin, 1988). The permeable part of 
the flow bottom has a much smaller footprint than the flow 
itself. It is generally coincident with the thicker parts of the 
Selah Interbed and is postulated to have formed when the 
hot basalt flowed across the wet valley bottom deposits. The 
footprint of the permeable zone in geologic model block 3 has 
an estimated areal extent between 4 and 6 mi2 immediately 
south of the Rocky Prairie thrust fault with a maximum 
thickness of about 20 ft (Lite and Grondin, 1988). Further, 
prior to development, this zone was hydraulically isolated 
from the underlying Priest Rapids flow top aquifer. Because 
the Pomona Basalt flow was thickest in valley bottoms, 
the thickness of this unit was used to estimate a reasonable 
distribution of permeable flow bottom. Whenever modeled 
Pomona thickness exceeds 155 ft, permeable flow bottom is 
assumed to exist, and the excess thickness is scaled linearly 
so that the maximum thickness of the flow bottom is 20 ft. 
The resulting modeled aquifer has several nice properties: 
(1) it is about 4 mi2 in the area generally identified by Lite 
and Grondin (1988), and about 8 mi2 over the entire area; 
and (2) the footprint is completely contained within the 
Selah Interbed footprint, ensuring the Selah can act as an 
confining unit as supported by early data. The modeled aquifer 
overly simplified, and exact geometry may be somewhat 
different, but supporting data indicate the geometry is a 
reasonable representation for use in the hydrogeologic flow 
simulation model. 

In an idealized geologic model, flow tops would be 
modeled as 10 percent of the thickness before truncating the 
model with surficial topography. This would ensure that the 
flow top intersected erosional stream cuts at the appropriate 
elevation. This would result in the flow interior being exposed 
in a thin band along the stream-cut wall, much like is observed 
in reality. Instead, based on flow modeling considerations, 
this was not done here. The flow top is modeled here as 
10 percent of the final computed thickness at all locations, 
even at stream cuts and other erosional features that may occur 
on topographic highs. This provides many properties that aid 
in stability of the numerical flow model, allowing for robust 
estimation of parameters during automated sensitivity and 
predictive runs, and that are consistent with physical and other 
modeling assumptions. The properties aiding stability include: 
1. Because PRMS provides a recharge estimate that is 

uniformly distributed across a model hydrologic response 
unit, preferential recharge pathways into system aquifers 
are not represented in the recharge field. Rather than 
identifying focused recharge areas and redistributing 
PRMS estimated recharge to these zones, simulating the 
upper 10 percent of every basalt unit as aquifer allows the 
distributed recharge to enter the aquifers as distributed 
recharge. This prevents high model heads from occurring 
when flux into confining unit model cells is prescribed, 
preventing the need to alter the hydraulic conductivity 
of these cells to achieve physically reasonable 
simulation results. 

2.  Connectivity between basalts and streams and drains 
is highest where the flow top is present in reality, and 
diminishes as basalts thin erosionally, providing a 
physically reasonable distribution of stream connection. 
This is especially true for the lumped Frenchman Springs 
Basalts, which is commonly about 400 ft thick consisting 
of multiple flows, but is modeled as a single flow top over 
a thick low permeability interior.
 The overburden is laterally zoned into undifferentiated 

overburden and glaciofluvial deposits (fig. A2). Each zone is 
assumed to occupy the upper two groundwater-flow model 
layers (fig. 3). The Chenoweth Formation, which constitutes 
most of the undifferentiated overburden, is documented as 
generally having low permeability, as is expected of poorly 
sorted mud and ash deposits of volcanic origin. However, 
the base of this unit is occasionally coarse-grained and 
productive. Considering the morphology of debris flows, a 
gross oversimplification would be to conceptualize that the 
coarse, heavy deposits were funneled into the lowest path 
and to fell out much more rapidly than the finer deposits. 
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This gives a conceptual model of deposits that grade from 
fine to coarse from top down, and thicker sequences of coarse 
deposits in valley bottoms which also have thicker deposits 
overall. Accordingly, the overburden was divided into an 
upper 90 percent and lower 10 percent to allow for a relatively 
higher permeability base. Glaciofluvial deposits also retain the 
90 to 10 percent split of groundwater-flow model layers, but 
because no data indicated that the upper and lower parts had 
dissimilar hydraulic properties, both groundwater-flow model 
layers were assigned the same hydraulic properties.

A.4—Groundwater-Flow Simulation 
Model Surfaces

Tops were computed for each of the groundwater-flow 
model units (fig. 3) at a 500 ft MODFLOW grid spacing 
(figs. A9–A22). The Grande Ronde aquifer unit is assumed to 

be 20 ft thick, defining the bottom of the flow model domain 
(20 ft below the surface shown in fig. A22). Each figure 
shows the extent of the MODFLOW model grid with cell 
color reflecting elevation and relevant boundary conditions 
displayed in appropriate cells. The set of lines from which 
the horizontal flow barriers are derived also is shown 
(figs. A11–A22). 

For groundwater-flow simulation, model layers 3–11 
have thin pseudo-cells that transmit water vertically between 
layers where hydrogeologic units have pinched out. These 
pseudo-cells are not shown on figures A11–A19, although 
they are a part of the active domain for groundwater-flow 
simulation. The reason for use of these cells is summarized in 
appendix E.3.
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Figure A9. The extent, model layer top elevation, and model boundary conditions of the upper overburden units (layer 1) in the 
Mosier, Oregon, groundwater-simulation model area. 
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Figure A10. The extent, model layer top elevation, and model boundary conditions of the lower overburden units (layer 2) in the 
Mosier, Oregon, groundwater-simulation model area.
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Figure A11. The extent, model layer top elevation, and model boundary conditions of the Pomona Basalt unit flow top [aquifer] 
(layer 3) in the Mosier, Oregon, groundwater-simulation model area. 
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Figure A12. The extent, model layer top elevation, and model boundary conditions of the Pomona Basalt unit flow interior 
[confining unit] (layer 4) in the Mosier, Oregon, groundwater-simulation model area.
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Figure A13. The extent, model layer top elevation, and model boundary conditions of the Pomona Basalt unit flow bottom [aquifer] 
(layer 5) in the Mosier, Oregon, groundwater-simulation model area. 
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Figure A14. The extent, model layer top elevation, and model boundary conditions of the Selah interbed unit [confining unit] 
(layer 6) in the Mosier, Oregon, groundwater-simulation model area. 
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Figure A15. The extent, model layer top elevation, and model boundary conditions of the Lolo Basalt unit flow top [aquifer] (layer 7) 
in the Mosier, Oregon, groundwater-simulation model area. 
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Lolo Basalt unit flow interior [confining unit] (layer 8)

Figure A16. The extent, model layer top elevation, and model boundary conditions of the Lolo Basalt unit flow interior [confining 
unit] (layer 8) in the Mosier, Oregon, groundwater-simulation model area.
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Figure A17. The extent, model layer top elevation, and model boundary conditions of the Rosalia Basalt unit flow top [aquifer] (layer 
9) in the Mosier, Oregon, groundwater-simulation model area. 
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Figure A18. The extent, model layer top elevation, and model boundary conditions of the Rosalia Basalt unit flow interior 
[confining unit] (layer 10) in the Mosier, Oregon, groundwater-simulation model area. 
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Figure A19. The extent, model layer top elevation, and model boundary conditions of the Quincy-Squaw Creek interbed unit 
[confining unit] (layer 11) in the Mosier, Oregon, groundwater-simulation model area.
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Figure A20. The extent, model layer top elevation, and model boundary conditions of the Frenchman Springs Basalt unit flow top 
[aquifer] (layer 12) in the Mosier, Oregon, groundwater-simulation model area.
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Figure A21. The extent, model layer top elevation, and model boundary conditions of the Frenchman Springs Basalt unit flow interior 
[confining unit] (layer 13) in the Mosier, Oregon, groundwater-simulation model area.
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Figure A22. The extent, model layer top elevation, and model boundary conditions of the Grande Ronde Basalt unit flow top 
[aquifer] (layer 14) in the Mosier, Oregon, groundwater-simulation model area.
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A.5—Elevation of Tops of Geologic Model Units in Wells in the Mosier, Oregon, Study Area

Table A3 contains all well log interpretations used to construct the geologic model and the source of the interpretation.
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