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ABSTRACT

This Staff Report presents the results of our preliminary investigation of ground subsidence in Raft
River Valley, IdahoWe document significant ground subsidence ubioip remote sensed data

and field reconnaissancé/e observed cracks in building foundations, floors, and walls, as well
asextensiveground fissuresn the valley floorReview of geolog maps,soil survey dataand
groundwater well levelsuggests thahe ground subsidence is not related to tectonic activity but

is likely caused by groundwater withdrawdhecomplex, interbeddestratigraphic architecture

of the basin filllikely facilitates ground subsidenc&Vell data show longerm, rapid, significant
declines in groundwater levels across the Raft River Valley, especially the northern end of the
valley.Interferometric Synthetic Aperture Radar§AR) deformation mapsummed over 5 years

from 2016 to 2021 show a pattern of subsidence focoseke northern Raft River Valleyhis
subsidence represents compaction of sediments and permanent loss of aquifer storage.

INTRODUCTION

The Raft River Valley in southern Idalaod northern Utals a Basin and Range valley bounded

by the Sublett and Black Pine Mountain ranges to the #sCotterel and Jim Sage Mountain
ranges to the wesand the Snake River Plain to the ngffigure 1). The valley hosts a large
groundwater aquifer that supports significant agricultural activity. The valley also contains a
geothermal resource thatusilized by acommercial poweplant with an 1Imegawatt (MW)
generating capacity.

In October 2023 the Idaho Office of Emergency Management notified the Idaho Geological Survey
of cracks that were reported in the Malta elementary and high skbibdihgs and asked us to
investigate possible geologic contributing factors. We reviewed geologic reports and mapping, soil
survey data and groundwater dataconducted field reconnaissance, and created InSAR
interferograms.

Subsidence inthe Raft River Valleyhas been documented far least50 years Lofgren (1975)
reported evidence of subsidence and fissures in the valley as early as th@768d Chi and

! 1daho Geological Survey, Boise Office, Idaho Water Center, Boise.
2 USDA Natural Resources Conservation Service, Boise.
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Reilinger (1984) included the Raft River Valley in a publication highlighting locations in the
United States that have experienced subsidence as measured by geodetic leveling surveys. More
recently, INSAR has been used to measure subsidence associatibe webthermal reservoir in

the southern Raft River Valley (Ali et al., 2016; Liu et al., 2017; Li et al., 2021).

GEOLOGIC AND TECTONIC SETTING

Themost detailedjeologic mapping currently available for the Raft River Valley and surrounding
mountain ranges in the Malta vicinity is by Pierce et al. (198830ording to available datahe

Cotterel Mountains to the west of the valley epenposed oMiocene rhyolite lava flows of the

Jim Sage Volcanic Member of the Salt Lake Fornmatithe Raft River Valley is filled with a
sequence of sediments, including geely QuaternarRaft Formation, consisting of calcareous
sand, silt, and clay that is cemented to hard rock in places. On top of the Raft Formation are
Quaternary alluvial fan deposits and thick loess dep@Bitaire 2). Buried soils in the loess
suggest several episodes of loess deposition followed by surface stability and soil development
(Williams et al., 1982).

Themain tectonicstructurein the area is thMalta fault a Basin and Range normal faolapped

along the east side of the Cotterel Mountains, approximately 3.5 km west of the town of Malta.
The geomorphic expression of the fault is limited to the steep range front. There are no Quaternary
scarpsor other tectonic geomorphic featuessociated with the Malta fault. The youngest deposits
offset by the fault are Pliocene, thus the fault is likely not active or has a very slow slip rate. The
only recorded seismicity in the Raft Rivéalley is a small cluster of 16 earthquakess than
magnitude 1) 2.4 approximately 30 km southeast of Malta in the Black Pine Mountains (USGS,
2023).

SOIL CHARACTERISTICS

Surface ®ils have been mapped in detail by the U.S. Department of Agriculture Natural Resources
Conservation ServicéNRCS) Soil Survey. Malta High School and Elementary School are
underlain by the Strevell series soil (map unit;1A@achment A, which have high levels of
sodium and calcium carbonabecluded at the end of this report are an NRCS custom soil resource
report for the area around Malta High School and Elementary School (Attachment A) and an
NRCS soil survey laboratory report for samptdsthe Strevell series sothken near Malta
(Attachment B).Based on physical and chemical proper{jes values greater than 8.5 and
exchangeable sodium in excess of 30#is soil would be considered a sodic sajkenerally
problematicandnot well suited for agricultural production far roads andoundations Stresses
induced by subsidence may be more pronounced in areas with these soil properties.

GROUNDWATER

Beginning in the 1960s groundwater levels have declined significantly (up to three feet per year)
in some parts of the Raft River Valley due to ldagm groundwater pumpage (Bendixsen, 1994;
Idaho Department of Water Resources, 2022). Concerns aboutmggroundwatetevel trends

and availability of groundwater resources prompted designation of a critical ground water area
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(Idaho Department of Reclamation, 1963) that includes the Malta vicinity. Ground surface
subsidence can accompany areas impacted by groundwater declines because of the loss of pore
water pressure and compaction of fgrained sediments (Freeze and Chet87,9).Compaction

of sedimentss irreversible and results permanent loss of aquifer storaggerbeddedalley fill

with small, laterally discontinuous clay lenseseispecially susceptible to compaction and
subsidence Rorchers and Carpenter, 2Q1&alloway, 1999;Figure 3). A threedimensional
lithologic model of the Raft Riveralleybased omnterpolation of lithologic records froawvailable

wel | dr i |(Clak, 20M4)suggestsothathesaquifer is complexly interbeddlevith many

thin clay layers and lensé€Bigure4). Groundwater hydrographs compiled by Clark (2024) show
water elevationsleclining in manywells throughout the Raft River aquifer. Six wells in northern
Raft River Valley Figure5) and six wells near Maltd&={gure6) all show significant, longerm
decline in groundwater elevations. For example, in well 12S 26E 02ACC1 the groundwater
elevation dropped approximately 180 feet from 1950 to 2022.

REMOTE SENSING

We producel INSAR interferograms of the northern Raft River Valley to map the spatial extent of
ground subsidence. INSAR is a technique for measuring ground deformation with satellite radar
images. Two images of the same location spanning an appropriaspanege compared and the
phase difference is mapped. This can resolve surface changes <1 cm in maywiuadsed
Copernicus SentinélB images and GMTSAR software to process interferograms covering the
Raft River Valley We made five different interferogramsclacovering a ongear span:

10/26/201610/9/2017
10/9/201710/16/2018
10/16/201810/11/2019
10/11/201910/17/2020
10/17/202010/12/2021

All the image pairs are ascending track, meaning that they were collected while the satellite
traveled from south to northEach oneyear interferogramshows a consistent pattern of
subsidencewith a large area of highest magnitude subsidence in the northern part of the valley, a
small area of subsidence near the town of Malta, and a small area of subsidence on the western
flank of the Black Pine Mountain&igure7). Large areas of uniform blue shades are likely not
surface elevation changes, but uncertainty due to reduced coherence over the relatively long time
interval, atmospheric effects, or topographic effed¢e summed all 5 of the ongar
interferogranresultsinto a singlecomposite dataséd show total deformatio(Figure? through

Figure 10). The deformatiorshownin these interferograms @nly the componenobf ground
subsidence alonthe satellite lineof-sight (LOS), notthe vertical componenthich is assumed

to besmaller in magnitudéut could notbe calculated for this studiRegardless of the absolute

LOS displacement valuedje consistency of thepatial pattern of deformatias evidence for
ongoing, prolonged subsidence, aodn provide a starting framework for fututargeted
investigations. Because InSAR is sensitive to small changes in the ground surface, large changes
between images will cause decorrelation and holes in the interferogram. This can be seen in areas
under heavy agriculture iiRigure 7 andFigure8, corresponding with the Critical Ground Water

Area



FIELD OBSERVATIONS

On October 26, 2023¢daho Geological Survey and Natural ResoWomservation Service staff
visited Malta to observe the structural damage and look for evidence of potential geologic causes.
We visited the Malta High School, Malta Elementary School, Raft River Electric building, Malta
LDS Church, and Bureau of Land Management property ~5 krh sbialta. All four buildings

had cracked foundations, floors, exterior walls, and/or interior Wiitgure 11 throughFigure

19). Some cracks were more than 2 cm wide and are actively grédiguge12). Conversations

with Malta residents suggested that structural damage has been occurring for several decades.
Approximately 5 km south of Malta we observed a linear fissure that extends nearly 2.5 km striking
north-south. The fissure is mostly continuotishee ground surface and is approximately 1 m wide.
Residentseportedhat this fissure appeared suddenly in late Z6igure20andFigure21). Other
residents have reported similar fissures as early as the M@0mappedsubsidence features
(Figure 22), including structural cracks Rigure 23), ground fissuresHigure 24), and other
lineaments observed in the field or on remote sensing Hegaré 25). Features mapped in this
report and associated descriptionsiatendedfor informational purposesnly and should not be

usedin the implementation of any actionable decision.

CONCLUSIONS

We combined field observations, geologic and soils maps, groundwater well data, subsurface
lithologic modeling and INSAR interferograms to document and characterize ground subsidence
in Raft River Valley.Building damage and ground fissures in and around Malta were caused by
differential ground subsidence in Raft River Vall@he stratigraphic architecture of tHeaft

River Valleycontributes to subsidence susceptibility becausentainghin interbeds and lenses

of clay. Ground subsidence is likely éhresult of groundwater withdrawand represents
permanent loss of aquifer storaiée recommend thatdditional monitoring of ground surface
elevations and buildings be conducted in Raft River Valley. Metailed work should be done

to better understand the geologic and soil conditions that are contributing to subsidence.
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