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Abstract 

Sediment erosion around physical structures in surface water (e.g., bridge 
footings) is an important phenomenon to monitor. Traditional assessment 
methods rely on divers to make physical observations and measurements. 
Often, high currents and the high degree of turbidity of the water make 
these observations difficult. High turbidity can also prevent lowering a 
camera from a boat to make indirect visual observations.  

Another possible approach to this problem is the use of gamma-ray spec-
trometry. This study used a handheld sodium iodide gamma-ray detector 
to collect in situ gamma-ray spectra of two soils submerged in water. Study 
results indicate that naturally occurring gamma rays being emitted by the 
sediment are detectable underwater. Further, the difference in gamma-ray 
intensity reflects density differences in the sediment due to disturbances 
such as erosion. A difference between the Potassium 40 (40K) activity of 
uncompacted and compacted soil and a comparable rate of 40K signal at-
tenuation as standing water depth increased suggests that underwater de-
tection of in situ 40K gamma-ray emissions is a potentially viable ap-
proach to assessing underwater sediment erosion. 

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. Ci-
tation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 
be construed as an official Department of the Army position unless so designated by other authorized documents. 
 
DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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1 Introduction 

1.1 Background 

Previous studies at the U.S. Army Cold Regions Research and Engineering 
Laboratory (CRREL) demonstrated the effectiveness of using gamma-ray 
spectrometry for detecting terrestrial soil disturbance (Clausen et al. 
2016). There is interest in potentially applying this approach to detecting 
sediment disturbance, such as erosion underwater. Clausen et al. (2016) 
provides background on gamma-emission behavior and the approach to 
exploiting this phenomenology for assessing soil disturbances. The present 
limited-scope study tested the applicability of gamma-ray detection under-
water as a means for evaluating sediment erosion. 

Sediment erosion around the base of a bridge pier, bridge scour, is the 
leading cause of bridge collapse in the United States (Briaud et al. 2005). 
To mitigate this issue, bridge foundations must be routinely inspected and 
monitored. Traditional inspection techniques use divers and basic instru-
mentation to measure the depth of scouring. The disadvantage of this 
technique is that maximum scour depth may be inaccurate if the scour 
hole has been refilled in with loose sediment. In the past decade, there 
have been many techniques developed to enhance the accuracy of moni-
toring scour depth. These can be divided into three categories: single use, 
long-term monitoring, and surveying devices. Single-use devices are in-
stalled vertically in the riverbed; when scouring exceeds burial depth, they 
float out, which sends a signal to the monitoring personnel. The disad-
vantage of this technique is that the devices need routine maintenance; 
and once they float out, they need to be replaced (Prendergast and Gavin 
2014). Long-term monitoring devices, such as Fiber-Bragg grating, mag-
netic sliding collars, and driven rod systems, have the advantage of contin-
uous scour monitoring over time. However, they are expensive to install, 
and they may be biased by bridge vibration and water hydraulics (Prender-
gast and Gavin 2014). Surveying with ground-penetrating radar to create 
an accurate depiction of the structure at depth and a subterranean model 
of the underwater lithology can be used to assess the scour depth around 
bridge footing (Anderson et al. 2007). The disadvantage is that it reflects 
only the scouring at a given time; and without additional references or 
markers, it is difficult to measure the rate of scour over time.   
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Clausen et al. (2016) found that as sediment compaction rate increased, 
Potassium 40 (40K) activity decreased, and they suggested the use of 
gamma-ray detection of 40K activity as a means of tracking land-use dis-
turbance, such as excavation.  

1.2 Purpose 

Following the same principle, the present limited-scope study explores the 
use of this technique to assess the extent of underwater erosion around 
bridge piers. Bridge monitoring programs could use this technique in es-
tablishing sediment densities around the base of the pier then measuring 
in a radial transect determine where eroded or filled-in sediment meets 
the original foundation. In a lab setting, this study assessed the influence 
of sediment-surface submersion depth on 40K activity for a sandy soil at 
two compaction rates and for an uncompacted silt loam soil by using a 
handheld sodium iodide gamma-ray detector to collect in situ gamma-ray 
spectra. 
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2 Methods 

2.1 Materials 

This study used sand and silty loam soil types with distinct elemental com-
position and potassium content (Table 1). Soil names are merely contrived 
names based on the sampling location or storage area from which the soil 
material was obtained. The Cemetery and EGP soils hereafter are referred 
to as SD and SL, respectively, followed with a number. The number re-
flects the blow count for compaction of the soil. A zero value indicates 
noncompacted soil. All the soil materials used are from soil samples taken 
in the field. The goal was to obtain soils that represent distinct textures 
and potassium content. 

Soil particle size distribution (i.e., soil texture) was determined via the hy-
drometer method, ASTM D422-63 (ASTM 2007). The metal content of the 
soils was determined by acid digestion and inductively coupled 
plasma−mass spectrometry (ICP-MS) using U.S. Environmental Protec-
tion Agency (USEPA) method 3050B (USEPA 2016). Clausen et al. (2016) 
contains additional analytical data on the soils. 

Table 1.  Selected physical and chemical properties of the soil material used in this study¹ 
reported as percents. 

Soil Name 
(Designation) Sand Silt Clay Soil Type Fe₂O₃ Al₂O₃ SiO2 K 

Cemetery (SD) 94.5 5.5 0 Sand 2.1 14.4 54.2 3.55 
EGP (SL) 20.3 63.2 16.5 Silt Loam 6.5 14.2 61.3 2.8 
Fe₂O₃ = iron oxide; Al₂O₃ = aluminum oxide; SiO2 = silicon dioxide; K = potassium 
¹ Soil particle size analysis reported on a percentage of the fine-earth (i.e., <2 mm) basis. All elemental analysis results 

reported on an oven-dry (105°C [220°F]) basis.  
 

2.2 Proctor density measurements  

For each sand-soil treatment, desired densities were prepared by placing 5 
lifts (i.e., layers) of soil, approximately 900 g (1.98 lb) of material, into 
steel 152.4 mm (6 in.) diameter Proctor molds. The Proctor mold was then 
placed into a Durham Geo Enterprises S-335 Compactor. Each lift of soil 
was pneumatically hammered to the desired blow count by using a 
44.48 N (10 lb) rammer dropped from a height 457.2 mm (18 in.), produc-
ing a compactive force of 2700 kN-m/mm3 (56,000 ft-lb/ft3), following 
method ASTM D1557-12 (ASTM 2012). The influence of compaction on 
40K detection was measured using sand compacted at 12 and 26 blows per 
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lift (referred to as SD12 and SD26). The silty loam was not compacted (re-
ferred to as SL0). The total mass of soil in each Proctor mold was approxi-
mately 4500 g (9.92 lb). 

2.3 Gamma-ray spectrometer soil measurements 

After preparation of a soil sample in the Proctor mold, the mold was filled 
to a desired submersion depth with tap water and left to settle for over 
1 hr. The mold was placed into the center of a lead-lined enclosure (Figure 
1), and the gamma spectrometer was positioned and centered at a distance 
5 cm (2 in.) above the surface of the standing water. 

Figure 1.  A Proctor mold within the lead-shield box. 

 

Analysis consisted of using a Canberra Osprey 2x2 NaI Gamma Spectrom-
eter and Gamma Acquisition and Analysis software. The acquisition inter-
val was 4 hr and generally followed the procedures outlined in ASTM 
C1402 (ASTM 2009). Check sources were tested daily in accordance with 
the methodology outlined in Clausen et al. (2016). 

2.4 Data reduction and analysis 

Raw data consisted of spectra for each soil treatment and submersion 
depth, from which intensity (detector counts) and area of the 40K gamma-
ray peak was extracted and 40K activity calculated using the instrument 
software. A linear regression using the analysis of variance (ANOVA) ap-
proach in the statistical program R package “stats” (version 2.15.3) was 
used to determine trends in attenuation of 40K activity for each compac-
tion rate and soil type at various submersion depths.  
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3 Results and Discussion 

The primary objective of the study was to determine if there is a measura-
ble relationship between soil 40K activity and soil submersion depths for a 
sand and a silty loam at various compaction rates. For each of the soil 
treatments, this study observed an attenuation in the 40K signature as the 
height of standing water increased, indicating that soil submersion plays 
an important role in 40K signature detection when using passive gamma 
rays.   

Figure 2 shows that 40K activity was a direct function of submersion depth 
for compacted sands and uncompact silty loam. This inverse regression re-
lationship was statistically significant for uncompact silt loam (α = 0.05). 
A decline in 40K activity as a function of standing water depth was ob-
served for sand compacted at 12 and 26 blows per lift. Although this trend 
is congruent with the silty loam, there was not a statistically significant re-
lationship between 40K and depth for SD12 and SD26, attributable to in-
sufficient submersion depths (α = 0.05). SD12 was measured at only 0 and 
2 cm (0 and 0.8 in), which is insufficient for determining a regression rela-
tionship. SD26 was measured at 0, 2, and 4 cm (0, 0.8, and 1.6 in.) of 
standing water and may require additional depth measurements to deter-
mine if there is a significant regression relationship for this soil treatment. 
These linear models project that 40K activity will no longer be detected at 
18.3 cm (7.2 in.) for SD26 and 7.2 cm (2.8 in.) for SL0 (Figure 2). 

 SD26 40K activity = 68872 − 3762.5 × Depth (cm), R2 = 0.84  

 SL0 40K activity = 26374.37 − 3680.18 × Depth (cm), R2 = 0.85  

The slopes for the SD26 and SL0 linear regressions were not significantly 
different. However, the y-intercepts for SD26 and SL0 were significantly 
different (α = 0.05). This indicates that SD26 had significantly more 40K 
activity than SL0 (Figure 2). SL26 contained a greater amount of potas-
sium than SL0, which is positively correlated with 40K activity (Clausen et 
al. 2016) and may explain this discrepancy. Because the slopes were nearly 
identical for the sand and silt loam, it is likely that a model for 40K activity 
at various sediment compaction rates could be developed that is applicable 
across multiple soil types. Do note that this study used two different soil 
types for this analysis, and future research should investigate 40K activity 
as a function of compaction rates within the same soil type.  
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Figure 2.  40K activity (pCi/g) versus submersion depth (cm) for sand compacted at 12 
(SD12) and 26 (SD26) blows per lift and uncompact silty loam (SLO). The dotted line signifies 

soil with too few data points to complete a regression analysis. 

 

Initial results show that SD12 had greater 40K activity compared to SD26. 
Clausen et al. (2016) found the same attenuation in 40K activity when 
compaction rate increased for a given soil type. However, developing a de-
finitive relationship between submersion depth and 40K activity for vari-
ous compaction rates requires more data. 

Soil minerology and soil-forming processes control the abundance of 40K 
available in the soil. However, the 40K gamma-emission signature is at-
tenuated by scattering that occurs as 40K passes through water trapped in 
soil pores (Clausen et al. 2016). Therefore, the hypothesis was that as a 
40K gamma ray passes through standing water above the soil surface 
layer, the same signature attenuation through particle scattering would oc-
cur, decreasing the 40K activity as water depth increased. The study found 
that as submersion depth increased, 40K activity decreased at comparable 
rates for both soil types.  
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4 Conclusion 

This study established at lab scale the relationship between underwater 
soil depth and gamma emissions from the soil surface to detect 40K activ-
ity. It tested multiple depths and found that as soil submersion depth in-
creased, the detection of 40K activity decreased. Although 40K activity 
was significantly different for the sand and silty loam soil type, the rela-
tionship between submersion depth and 40K signal attenuate was compa-
rable. Further investigation into 40K activity at various compaction rates 
within a soil type may lead to the development of a model to assess under-
water soil density and how it relates to bridge scouring. The present work 
shows promise and potential for the use of gamma-ray spectroscopy for 
underwater soil disturbance and erosion monitoring. 
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