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Introduction

This slideshow includes over 100 figures and tables that illustrate a
proposed collection of parameter estimates for the Treasure Valley
Groundwater Flow Model (TVGWFM) and the performance of this
model compared to historical observations. These results are visualized
In a variety of ways. An explanation is provided before each type of
figure. Please contact Stephen Hundt (shundt@usgs.gov) with any
additional questions or comments.
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Observation Group Residual Statistics

The following table shows residual statistics for 8 different observation groups that were used to constrain the paratimeégioes
Several different statistics are provided.

#. The number of individual observations in a group.
Min: The minimum observed value in a group.

Max: The maximum observed value in a group.
Range Max¢ Min.

Mean Absolute ResiduallThe mean of the absolute values of residuals in a group. This is the mean distance that each residual is
away from zero. The lower the better.

Mean Absolute Residuat Range Expressed as a percent of the range. A (rough) rule of thumb for this is <5% (®8d;fair;
>10% poor. This can be sensitive to outliers, which tend to affect the range more than the mean absolute residual aral lead to
lower (better appearing) value. This is likely the case for the River Discharge Observation Group.

Mean ResidualThe mean value of the residuals. Positive and negative residuals will cancel one another out in this calculation.
Values closer to zero can be achieved by having a good balance of positive and negative values and/or having sma#ier residual
The lower the better.

RMSEThe Root Mean Square Error. The residuals are squared in this calculation, giving large residuals a greater inflience than
the Mean or Mean Absolute Residuals. The objective function that is minimized in the parameter estimation process is also
calculated with squared residuals so this statistic, while harder to interpret than the others, is more like what droseatheter
estimation process.

Residual Percentilesthese are included to help demonstrate the spread in the residuals. The smaller and more symmetric around
a 50" percentile value of zero the better.



Mean

Absolute Mean
Residual MAE/ Residual Residual percentiles
Observation Group Units # Min Max Range (MAE) Range {(ME) RMSE | 2.5% 5% 10% 25% S50% 75% 90% 95% 97.5%
water level altitude, in
Water Level Observation Group feet 15101 2161 3450 1289 33.4 2.6% 15.4 84.8 -bb -49 -27 -12 7 23 45 70 105
Temporal Water Level Difference  |difference in water level
Observation Group altitude, in feet 3008 -79 37 116 4.1 3.5% 0.2 6.4 -12 -9 -6 -2 0 3 7 10 13
Vertical Water Level Difference difference in water level
Observation Group altitude, in feet 2224 -135 199 334 29.1 8.7% 1.4 41.3| -46 -31 -21 0 8 39 69 88 97
discharge, in cubic feet
Drain Discharge Observation Group |per second 449 -219 -5 214 8.4 3.9% -3.9 13.7 -43 -36 -19 -7 -1 3 6 11 16
Temporal Drain Discharge difference in discharge,
Difference Observation Group in cubic feet per second 174 -57 60 117 5.4 4.6% 0.0 7.8 -18 -14 -9 -3 0 3 11 13 15
Lake Lowell Discharge Observation |discharge, in cubic feet
Group per second 117 -312 171 483 49.3 10.2% -40.1  78.8] -259 -162 -82 -42  -30  -18 11 35 43
Lake Lowell Discharge Difference |difference in discharge,
Observation Group in cubic feet per second 18 -54 317 371 95.4 25.7% 86.3 126.3 -43 -32 -9 24 83 122 223 238 277
River {(and ungaged drain) Discharge |dischargge, in cubic feet
Observation Group per second 432 -1143 7069 8212 133.7 1.6% 45.0 658.8] -332 -174 -112 -47 -11 14 60 129 280
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Residual Scatter Plots

The following figures each contain 3 plots.

- Left: Observed versus simulated values. This plot includes every single
Qbservatign target used in the parameter estimation prqogess for gach g,roup. The
Of 2aSNJ GUKSe Tiotmte o2\ YISK SI KRSl 20KSSIRI SONWD £+ |
line are simulated too high and values below and to the right are simulated too
low. There are too many points too see each one individually. They are plotted
\C/lwthktransparency so that coordinates with many overlapping poinfs appear

arker.

- Middle: Observed versus residuals. The closer these fall to the horizontal dashed
line the better. Also, it is considered better if there are no visually obvious trends
In these plots. The presence of a trend (such as in vertical head diffs, and both
Lowell seepage groups) indicates that the model is missing or not fully
reproducmﬂ some phenomenon (such as seasonal variations in Lake Lowell
seepage) that is observed in the system.

- Right: A histogram of residuals. Ideally these would see a large peak at zero and
taper (sharply) symmetrically away from zero to make a$t®diped curve.
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modelled

Water Level Observation Group

Percentile

2.5%

5%

10% 25% 50% 75% 90% 95% 97.5%
Residual -66.1 -49.3 -27.2 -11.9 6.8 23.4 45.0 69.6 104.6
water level altitude, in feet water level altitude, in feet
400 400
[ ]
300 A 300 A
[
200 - 200 -
100 - 100
B &
o 0 - ——— o 0
73] %]
o o
—100 A —100 -
—200 - —200 -
—300 A —300 -
T T T T _400 T T T T _400 T
2200 2400 2600 2800 3000 2000 2200 2400 2600 2800 3000 0 2000
measured measured count



< USGS

science for a changing world

Temporal Water Level Difference Observation Group

Percentile 2.5% 5% 10% 25% 50% 75% 90% 95% 97.5%
Residual -12.0 9.4 6.3 LW} 0.2 2.8 6.7 9.7 13.1
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modelled

Vertical Water Level Difference Observation Group

Percentile 2.5% 5% 10% 25% 50% 75% 90% 95% 97.5%
Residual -45.6 -31.0 21.4 -0.2 8.0 38.9 69.2 87.6 96.9
difference in water level altitude, in feet difference in water level altitude, in feet
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modelled

Drain Discharge Observation Group

Percentile

2.5%

5%

10%

25% 50% 75% 90% 95% 97.5%
Residual -42.9 -36.0 -18.8 7.2 -0.6 2.9 5.7 11.1 16.0
discharge, in cubic feet per second discharge, in cubic feet per second
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Temporal Drain Discharge Difference Observation Group

Percentile

2.5%

5%
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Lake Lowell Discharge Observation Group

Percentile 2.5% 5% 10% 25% 50% 75% 90% 95% 97.5%
Residual -259.2 -161.7 -81.6 -41.6 -29.7 -18.2 10.7 34.6 433
discharge, in cubic feet per second discharge, in cubic feet per second
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modelled

5% 10% 25% 50% 75% 90% 95% 97.5%
Residual 43.1 32.2 8.5 24.0 83.3 122.3 222.6 237.8 276.6
difference in discharge, in cubic feet per second difference in discharge, in cubic feet per second
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modelled
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River (and ungaged drain) Discharge Observation Group

Percentile
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Maps of Mean Water Level Residuals

These maps plot the mean residual value for the water level
observation group. Dark blue points show wells that are modelled too
high, dark red points are too low, and yellow points have little (mean)
error. There are six maps, one for each model layer. Many observation
wells are screened or open across multiple layers. In these cases, the
same point is shown for every layer in which the well is open.
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hd residuals in layer 2
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hd residuals in layer 3
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hd residuals in layer 4
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hd residuals in layer 5
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hd residuals in layer 6
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Maps of Vertical Water Level
Residuals

These maps plot the mean residual value for the

Difference

vertical water level

difference observation group. This is the observation group that consists of
pairs of wells that are located nearby geographically, but which are open to

different model layers. There are cases in which
gradients (water levels in lower layer are higher t

pairs of wells show upward
nan in upper layer),

downward gradients, or no vertical gradients. The color of the point

represents the size of the residual between the o

nserved vertical gradient

and the simulated vertical gradient. Additionally, in cases where the gradient
was simulated in the wrong direction or the model disagreed with the

observations about whether a vertical gradient is

present at all, the points

are marked with a diamond shape. For this comparison, an observed or

simulated vertical difference of less than 5 feet Is
gradient.

USGS
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Vertical head difference residuals in layer 2 _—
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Vertical head difference residuals in layer 3 _—
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Vertical head difference residuals in layer 4 _—
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Vertical head difference residuals in layer 5 _—
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Vertical head difference residuals in layer 6 _—
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Flow Direction Map

The following map shows the net flow direction for each cell of the
model. The overall flow vectors from all layers are added together and
shown as a single vector. The direction of each vector arrow shows the
net flow direction in that cell. The length of the arrow represents the
relative flow amount in that cell. The vertical component of flow is not
represented fully, but a distinction is made between upward and
downward flow. The green arrows are those with a net upward flow
and purple are those with a net downward flow.
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Net fluxes across all layers

green: net upward
purple: net downward
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Water Levels Simulated Above Ground
Surface

The following two maps show locations in which the model is
simulating heads above the mean ground surface elevation of a model
cell. The first map only shows locations for which the heads in layer 1
are above ground surface. The second map shows the maximum value
across all layers. Artesian conditions are present in some parts of the
model area. In most cases, however, water levels above ground surface
are due to the model overestimating water levels in these locations.
The mean head residual maps will show where these overestimates
OCcCuUr.
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Simulated head
above ground
surface
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Water Budgets Compared to Previous Studies

The following two tables show how water budgets during select times
and areas of the TVGWFM compare to water budget estimates from
past studies. The first table compares the budgets of the TVGWFM to
the Treasure Valley Hydrologic Project (TVHP) for the area
encompassed by the TVHP model. The second table compares the
TVGWFM to the groundwater flow model produced by the Bureau of
Reclamation (BOR) and extended by ID\Bik@w for the Payette

River Valley. A small map is provided on each slide to show the budget
zone for each table. See the fslked flow direction map for a larger
version of these budget zone boundaries.
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‘ Source of Recharge and Discharge

Estimated Recharge and Discharge

1996

2000

TVHP

TVGWFM (New Model)

TVHP

TVGWFM (New Model) |

(af) (% of total) (af) (% of total) (af) (% of total) (af) (% of total)
Recharge
‘Canal Seepage 626,000 61% 684,575 55% 521,500 47% 640,998 51%
}Seepage from Rivers and Streams 16,000 2% 26,311 2% 77,000 7% 14,146 1%
Seepage from Lake Lowell 19,000 2% 32,858 3% 21,200 2% 26,226 2%
Underflow 4,300 0% 27,098 2% 4,300 0% 21,236 2%
Flood Irrigation and Precipitation (all ag incidental recharge) 302,000 30% 384,689 31% 404,400 37% 373,974 30%
|Recharge by Other Land Uses (all semi incidental recharge) 53,000 5% 91,046 7% 70,300 6% 85,406 7%
Net Decrease in Storage 0 0% 27,396 2%
Total Recharge 1,020,300 1,246,578 1,098,700 1,189,381
Discharge
.M&|, rural, other non-ag withdrawal 127,000 13% 100,196 8% 122,000 12% 84,137 7%
\Agricultural Irrigation 72,000 7% 97,203 8% 53,000 5% 125,831 10%
Discharge to Rivers and Drains 800,000 80% 809,798 65% 881,600 83% 820,341 66%
WNet Increase in Storage 78,434 6% -27,396 -2%
!Net flow to other portions of model 160,948 13% 159,072 13%
}Total Discharge 1,246,578 1,189,381
|
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Estimated Recharge and Discharge

1967-1997

1986-1997

Source of Recharge and Discharge

BOR (Sukow)

TVGWFM (New Model)

(af) (% of total) (af) (% of total)

Recharge
\ Canal Seepage 210,091 45% 160,658 41%
' Seepage from Rivers and Streams 754 0%

Underflow 59,389 13% 27,033 7%
|Flood Irrigation and Precipitation (all ag incidental recharge 173,000 37% 125,224 32%
|Recharge by Other Land Uses (all semi incidental recharge) 1,793 0% 9,649 2%
| Dry Land Infil 17,616 4%

Net Decrease in Storage 7,809 2%
|Net flow from other portions of model 61,342 16%
I Total Recharge 461,966 100% 392,468 100%
' Discharge
| M&I, rural, other non-ag withdrawal 5,729 1% 878 0%
| Agricultural Irrigation 7,185 2% 3,864 1%
|Discharge to Rivers and Drains 435,890 93% 387,727 99%
Wetlands and Water Bodies 18,189 4%

Net Increase in Storage 0 0%
|Net flow to other portions of model 0 0%

Total Discharge 466993 100% 392,468 100%




Parameter Values

The following set of figures show maps of the estimated parameter
values for drain conductance, river conductance, horizontal hydraulic
conductivity HK), vertical anisotropyMK), and specific yield and

storage coefficient (S). Six maps are included eacHKovk and &

one for each model layer. In addition, each slide shows a map of the
primary material classification within each model cell (most contain a
mix of materials) as defined by the Hydrogeologic Framework
(Bartoling 2020). Finally, on eacdfikslide a figure of hydraulic
conductivity ranges for different material types (Freeze and Cherry,

1979) Is shown along with a red box identifying the rangdlof
estimates.
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river conductance
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Hydrageoiogic unit
BAS: Basalt, undifferentiated.
l includes Plocene-Pleistocene
and Miocene pasaits
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The units in the above map are the

type in each model cell. There are few

are exclusively one type or another, sq th
equivalent deposit type was made up @ mixt
of types for most cells. To calculate material
property (k, ss,vk) bounds of eacif cell a
weighted average of the component material
properties was calculated. AritHmetic (weighted)
means foihk and ss, and geometric means for
vk The upshot is that materials with higher
property values had an outsize influence for the
equivalenthk and ss bounds, and materials with
lower values an outsized influence vk
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Drain Discharge Simulated and Observed
Hydrographs

The following figures show the simulated and observed hydrographs for
each major drain area within the TVGWFM. The map on the left shows
the cells that represent the drain area along with the name of that

drain area. The plot on the top right shows the simulated discharge
(red line) for each month of the model period along with any observed
values (black points) of drain discharge. The plot on the bottom right
shows a scatter plot of simulated versus observed values for the
current drain (red) beside those of all drains (grey).
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drn04: Conway Gulch
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drn06: Eagle Drain

Monthly Seepage, in Acre Feet
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drn08: Hartley East and West

Monthly Seepage, in Acre Feet
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drnll: Mason Creek

Monthly Seepage, in Acre Feet
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drnl2: Middleton North and South

Monthly Seepage, in Acre Feet
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drn1l4: Sand Hollow abv Sharp Lane
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drn18: South Boise Drain

Monthly Seepage, in Acre Feet
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drnl5: Snake River above Boise

Monthly Seepage, in Acre Feet
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drnl6: Snake River near Boise
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drnl7: Snake River near Payette

Monthly Seepage, in Acre Feet
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River and Ungauged Drain Seepage Simulate
and Observed Hydrographs

The following figures show the simulated and observed hydrographs of
seepage for several river reaches within the TVGWFM. In some cases,
these value are plotted along with discharge in adjacent drain areas.
This Is done where unmeasured drains flow into the river and this
discharge cannot be differentiated from gains and losses across the
riverbed. The map on the left shows the cells that represent these river
reaches and drain cells along with names. The plot on the top right
shows the simulated gains and losses (lines) for each month of the
model period along with any observed values (black points) of gains
and losses.
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riv0l: Boise River - parma to snake

Monthly Seepage, in Acre Feet
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