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INTRODUCTION

In the fall of 2008, Idaho Water Resources Research Institute (IWRRI)
began gathering water level and water stage data at the Jensens Grove
recreational lake at Blackfoot, Idaho. One purpose was to begin to establish
a baseline of data that could be used to evaluate the effectiveness of future
recharge experiments that might be conducted at Jensens Grove. Another
purpose was to gain additional information to supplement use of the regional
aquifer model (Eastern Snake Plain Aquifer Model Version 1.1, or ESPAM1.1)
to understand the impact on the aquifer of water delivered to Jensens Grove.
Work primarily was done by Stacey Taylor, with assistance of Bryce Contor
and others. This was in conjunction with another study commissioned by the
Idaho Water Resource Board and Eastern Idaho Water Rights Coalition.

It turns out that efforts at Jensens Grove were not part of the work plan
that the Idaho Water Resource Board (IWRB) had commissioned. The
Institute stopped work on Jensens grove when it became aware of this.
However, in order to gain maximum value from the effort that was
commenced and not lose the benefit of work already done, Taylor and Contor
have continued to gather data using Water Resources Field Services
equipment.’ This work is at no cost to IWRRI or the sponsors, but is offered
as an in-kind contribution of services to the Eastern Idaho Water Rights
Coalition. This report summarizes the data gathered to date and offers a brief
hydrologic evaluation.

DATA GATHERED

The primary data gathered included measurements of the water stage
in the lake, electronic data-logger records of water levels in two wells, and

! IWRRI used IDWR-owned data loggers which cannot be retrieved in cold weather; they are
still recording data.



periodic hand measurements of water levels in the wells.? Secondary data
include altimeter and GPS elevation readings, and a hand-level survey to aid in
interpretation of shoreline measurements that were made when Lake water
levels dropped too low to use the original stage measurement point.

Additional information was obtained from public GIS data and study
documents from ESPAM1.1.

Study Area

Figure 1 illustrates the study area and the data-gathering locations. Points
A and B are points on the river where elevations were estimated for construction
of cross-sections. Point C is the current low point of the lake and point D is the
location where the hand-level survey was used to correlate shoreline
measurements with stage (Figure 2). Point E is the bridge location where initial
stage measurements were made, and where the base elevation for the altimeter
work was taken (Figure 3). Its elevation had been established earlier by survey-
grade GPS work. Point F is the location where water-surface elevation in the
river was measured with the altimeter (Figure 4). Elevation at the two
observation wells was also surveyed by GPS.

% Because of the sensitivity of data loggers to freezing temperatures, the data-logger records are
not available at this time.
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Figure 1. Location map, Blackfoot Idaho




Figure 2. Hand-level survey of shoreline measurement points.

Figure 3. Altimeter reading at bridge measuring point.



Figure 4. Measuring river elevation at point F.

Stage and Water Levels.

Stage and water level data are recorded in Table 1 and Figure 5.
Shoreline measurements have been converted to stage measurements using the
results of the altimeter and hand level work. Note that elevations are based on
the GPS survey results, which appear to use a different datum than is used on
standard topographic maps and Digital Elevation Models.

Table 1
Primary Data
(excluding data-logger data)
Elevations above mean sea level, adjusted to GPS
survey of well heads and bridge measuring point.

Date Park Well Airport Lake River Lake
Well surface (point F) Bottom
(point C)

10/22/08 4486.47 4494.2

10/31/08 (inflow to lake shut off on this date)

11/7/2008 4493.2

11/10/08 4490.16 4483.63

11/14/08 4490.18 4489.1

11/17/08 4488.35 4481.21

11/18/08 4488.04 4480.92

11/22/08 4486.91 4479.57 4485.1

11/30/08 4483.0




Date Park Well Airport Lake River Lake
Well surface (point F) Bottom
(point C)
12/6/08 4481.5
12/13/08 4484.11 4473.69
1/16/09 (dry) 4485.8 4471.9
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Figure 5. Hydrograph of water-level elevations at Jensens Grove. River-surface
elevations at point A (opposite airport well) and point B (opposite park well) were
obtained by applying the river gradient from USGS topographic maps to the
altimeter-measured ice surface elevation at point F.

Data from ESPAM1.1

Data from ESPAML1.1 and other sources include aquifer model properties,
results of model runs using the publicly-available IDWR Ground-water Rights
Transfer Tool, water-level measurement data and seepage-study data from
ESPAML.1 calibration, and GIS and aerial photography data.

ANALYSIS

Conceptual Models

A number of different conceptual representations can be considered to
explain the hydrologic relationship between the Snake River on the west side of

Interstate 15, Jensens Grove Lake on the east side, and the local aquifer. These
are illustrated below in Figures 6 through 9.



Figure 6. Conceptual model where lake and river are in full hydraulic
communication with aquifer.

Figure 7. Conceptual model where lake and river are fully connected to each
other, but somewhat insulated from the aquifer by less transmissive ancestral
river-bottom sediments.



Figure 8. Conceptual model where lake and river are in communication with
each other and the aquifer, but only through less-transmissive sediments.

Lake

Figure 9. Conceptual illustration of Figure 8 model in winter time, with reduced
river levels and no inflow to the lake.

The Figure 6 conceptual model would imply either a water table at
approximately river-surface elevation, or extremely large losses from the river
and lake. River and lake water levels would always show strong correlation.

Figure 7 shows a condition where the lake and river could have modest
seepage losses and still have water levels a few tens of feet higher than
surrounding aquifer levels. Like Figure 6, it would require strong correlation
between river and lake water levels.

Figure 8 and Figure 9 show a conceptual model where the lake and river
are both somewhat insulated from the aquifer by sediments, and also from one
another. This model would allow modest seepage losses, river and lake stage



higher than local aquifer water levels, and more independent water levels in the
lake and river.

Management Implications of Conceptual Models

If either Figure 6 or Figure 7 were a reasonable conceptual model, the
management implication would be that water delivered to the lake would quickly
return to the river. Water delivered to the lake in the summertime would not
impact downstream surface-water users, and water delivered for recharge would
have little benefit at distant locations or later times.

If Figure 8 and 9 were the correct conceptual model, water delivered to the
lake would primarily affect the local aquifer, raising water levels generally. While
there would be some immediate effect on the river in the immediate vicinity,
much of the impact to the Snake River would be delayed and realized at
locations distant from the lake. The management implications would be that
deliveries to the lake reduce surface-water availability to downstream diverters in
the short run and create delayed benefits that are enjoyed later in time and at
distant locations.

Data

Figures 10 through 17 illustrate cross-sections of the observed data from
point A to the airport well and point B to the park well (see Figure 1).

AIRPORT WELL

22 October 08
4505
4500
4495

Elevation

4490 +----- =

4485 +
4480 ~
4475 A
4470 A

- - - -River

Pond Bottom
Land Surface
------- WL 22 Oct

4465 \
0 500

1000 1500 2000 2500 3000 3500

Distance from River (west side)

Figure 10. Airport well cross section, October 22.
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Figure 11. Airport well cross section, November 22.
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Figure 12. Airport well cross section December 13.
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Figure 13. Airport well cross section January 16.
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Figure 14. Park well cross section November 11.
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Figure 15. Park well cross section November 22.
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Figure 16. Park well cross section December 13.
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Figure 17. Park well cross section January 16.

Figure 18 shows aquifer water levels and river levels from ESPAM1.1
calibration data,® indicating that the water level in the river is above the level of
the aquifer.* The October 22, 2008 water levels tend to confirm this relationship.
The hydrographs from the lake and wells, and the general regional aquifer
gradient illustrated in Figure 18, correspond to the conceptual models illustrated
in Figures 8 and 9.

A USGS/Idaho Power seepage study from ESPAML1.1 (summer 2002)
indicates approximately 20 to 25 cfs per mile loss in this reach of the river. Lake
levels can be maintained in the summer with approximately 25 cfs of net inflow
(Tony Olenichak, Water District 01, personal communication 2009). At 500 feet
of width, one mile of river is approximately sixty acres. The lake is about 50 or
55 acres. Seepage of 25 cfs on 50 acres is almost exactly a seepage rate of one
foot per day. The Worstell Analysis method used by IDWR to estimate ditch
losses indicates that loss rates in gravel can reach several feet per day; the
observed loss rates near Jensens Grove are modest in comparison.

® IWRRI software was used to interpolate the contours and river elevations, at no cost to IWRRI

or IDWR.
* Note that these elevations appear to be based on a different datum than the IDWR survey and

should be directly compared.



Figure 18. Water level map from ESPAML1.1 calibration. Well data are from
ESPAML1.1. Contours and river elevations were created by Water Resources
Field Services from ESPAML1.1 data and electronic Digital Elevation Models.



ESPAM1.1 Model Results

The conceptual representation of the river near Blackfoot in ESPAM1.1
includes a river that is hydraulically connected with the aquifer whenever aquifer
levels are above a point 30 feet below the river elevation. Riverbed sediments
have different properties than the surrounding aquifer. This is consistent with
Figures 7, 8 and 9. The model does not explicitly represent the lake, but it can
represent seepage from a feature such as a lake by applying an aquifer inflow at
the approximate location of the feature. Itis a regional scale model.

The IDWR Ground-water Rights Transfer Tool can be used to estimate the
timing and location of the impacts that a single event will have upon the river. It
is based upon the ESPAM1.1 model. The tool's time discretization is quite
coarse; the event is assumed to last for four months, and the tool estimates
effects in four-month time steps. The location of the event is constrained by
model cells, which are one mile on a side. The model cell best representing the
lake is centered approximately on the airport well. Using this cell, it appears that
about 50% of the water recharged in a four month period returns to the river
during the same four months; the remaining 50% returns in future periods. Of
the 50% in the first four months, 80% is to the Shelley to Near Blackfoot reach,
and most of the rest is to the Near Blackfoot to Neeley reach. When all the
benefit has finally been realized, about 60% has been to the Shelley to Near
Blackfoot reach and about 30% to the Near Blackfoot to Neeley reach. Smaller
amounts of benefit would have accrued to other reaches. A dedicated model run
with finer time discretization could be used to simulate a shorter recharge period
and refine the estimated time of arrival of benefits, but this begins to approach
the limits of the development of the model.

Conclusions

The data gathered tend to confirm a conceptual model that the lake is
somewhat isolated from the river. Its effects appear to propagate mostly to the
aquifer, and then secondarily to all reaches that are hydraulically connected to
the aquifer. This is consistent with ESPAM1.1 results, which indicate that about
half the water recharged produces benefits beyond the four month period during
which recharge occurred. The benefits mostly accrue to the two reaches
immediately above American Falls reservoir. In the summer they accrue to
natural-flow water rights and in the winter presumably to storage in the reservoir.

Bryce A. Contor

Hydrologist



