
Quantifying Sediment Transport in a Premontane Transitional Cloud Forest

Goals

• To collect sediment settled in a stream-gaging weir (8 ft x 
6 ft x 4 ft)

• To accurately characterize this sediment through lab 
analysis 

• To compare these field values with a popular erosion loss 
prediction method, the Universal Soil Loss Equation 
(USLE)

• To evaluate the efficiency of the weir as a sediment 
collector using known fall velocities of sediment particles 
and the residence time of water in the weir

Methods

Sediment Collection
• A sandbag dam was built to divert stream water 

downstream of the weir (Figures 1 and 2)
• The weir was divided into 5 sections using flags (Figure 3

and 4)
• Samples were taken from each section to be analyzed
• Total wet volume of each section was recorded
• Remaining sediment in the weir was manually relocated 

downstream of the weir (Figure 5)

Introduction

Quantifying sediment transport is a difficult task in any 
watershed. One cause for error is that in most soil loss 
prediction methods, it is assumed that a watershed is 
homogenous throughout. However, there can be extreme 
diversity in soil types, slope steepness and canopy cover 
within a studied area. The methods developed become even 
less accurate when applied to a tropical rainforest, due to 
lack of meteorological and geographical data. 
The Howler Monkey Watershed is located in a premontane 
transitional cloud forest in San Isidro de Peñas Blancas, Costa 
Rica. A stream-gaging weir was built in June 2012. Sediment 
captured by the weir has been untouched for an 11 month 
time period. This 2.2 hectare watershed provides an 
opportunity to directly quantify sediment carried 
downstream and trapped in the weir.
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Results

The water and organic contents of the samples from lab tests were assumed 
for each entire section.  The dry mass for all sections together was 
estimated to be 684 kg. (Table 1)

Discussion

Methods (continued)

Lab Analysis 
• The water contents of the samples were found and recorded 
• Organic matter was removed from samples manually in the lab
• The samples were analyzed using sieve and hydrometer tests (Figure 6)

Results (continued)

Efficiency of Sediment Capture by the Weir
As seen in Figure 7, the upstream sections’ contents were 
predominantly large particles, and downstream sections had more fine 
particles. This suggests that efficiency of the sediment capture process 
can be assessed using particle size and fall velocity.
Using base flow conditions (.002 m3/s) the residence time of water 
inside the weir was calculated:

𝑡𝑟𝑒𝑠 = 886 𝑠𝑒𝑐𝑜𝑛𝑑𝑠
Fall velocity (in m/s) was calculated for each particle size using the 
equation (Julien 1995):
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[for field conditions, 𝑑∗= 25,287.35 ds]
ds = diameter of sediment particle (m)
For a particle to be captured in the weir, it needs to fall below the v-
notch, a distance of 7.32 cm from the baseflow water surface.

Time for a particle to fall 7.32 cm,  𝑡𝑓𝑎𝑙𝑙 =
7.32 𝑐𝑚

𝜔0

If 𝑡𝑓𝑎𝑙𝑙 ≤ 𝑡𝑟𝑒𝑠 for a particle of ds, then 100% of particles of diameter ds 

were captured. 
Under these assumptions, 100% of the suspended particles greater than 
0.013 mm were captured. 
All ds < 0.013 were evaluated individually assuming uniform suspension 
of particles entering the weir, and the percent loss of a particle ds was 
calculated.
Using these assumed losses and extrapolating from the known quantity 
captured, it was calculated that 16.2 kg of sediment was carried down 
the stream and not captured in the weir. Thus, the final estimate of 
sediment transport in the stream is 684 kg + 16 kg = 700 kg.

Universal Soil Loss Equation (USLE)
Wischmeier and Smith (1978, as reported by Julien 
1995) stated that the Annual Soil Loss from Upland 
Erosion (AU) is dependent on five factors. 

𝐴𝑈 = 𝑅𝐾(𝐿𝑆)𝐶𝑃
These factors were evaluated using information from 
the Howler Monkey Watershed and reference 
materials in Julien 1995:
• Rainfall Erosivity (R):

𝑅 = 0.01 916 + 331𝑙𝑜𝑔𝐼 𝐼

Used known intensities of every storm from July
2012 to June 2013.
R is: 582 (high confidence)

• Soil Erodibility (K):
Available reference materials are limited. Assumed 
a silty clay loam soil with organic matter of 0.05%. 
K is: 0.37 (medium confidence)

• Field Length/Slope (LS): 

𝐿𝑆 = 𝑋𝑟(0.0076 + 0.53𝑆0 + 7.6𝑆0
2)

Runoff length 𝑋𝑟is 610 ft. Surface slope 𝑆0 is 0.35. 
LS Factor is: 15.85 (high confidence)

• Cropping Management (C): 
Reference materials are inappropriate for tropical 
forests. Estimate for 75-100% canopy coverage.
C = 0.001-0.0001 (low confidence)

• Conservation Practice (P): Reference materials are 
inappropriate for tropical forests. 
P = 0.18-0.90 (low confidence)

• Evaluating these factors, AU (scaled by the water 
shed area) ranges from 300 kg to 15000 kg of 
annual soil loss. It should be noted that of the five 
factors, only two are known with high confidence, 
one with medium confidence and two with low 
confidence.

Information from sieve and hydrometer tests were recorded and Particle 
Size Distributions were graphed. (Figures 7 and 8)

• Sediment transported in the stream are 
predominantly coarse materials. 96% are sands or 
coarser. 

• The USLE is very unsuited to a tropical 
premontane watershed, giving a range of 
sediment transport quantities varying by a factor 
of 50.

• The weir appears to be a very good sediment 
collection device, with an estimated soil loss of 
roughly 2-3%. 

Figure 1: Leland and Emily 
finish the sand bag dam

Figure 2: Drainage pipes 
were used to reroute water 
from the stream

Figure 3: The weir 
was separated into 
sections using flags

Figure 4: The sections were 
numbered 1 (upstream) 
through 5 (downstream)

Table 1: Samples were taken and analyzed in the lab, water content and organic 
content were found and projected onto wet volumes collected in the weir.

Figure 5: Emily collecting samples from 
sediment inside the weir.

Figure 6: Emily performs a 
hydrometer test in the Soltis
Center Laboratory.

Figure 7: Particle Size Distribution by Section

Figure 8: Particle Size Distribution of Total Contents of the Weir
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1 0.812 452 557 0.351 0.026 352

2 0.769 162 211 0.316 0.063 135

3 0.782 153 195 0.503 0.091 88.3

4 0.676 113 168 0.510 0.025 80.1

5 0.855 42.4 49.6 0.713 0.151 12.1

Undefined* 0.779 27.2 34.9 0.479 0.071 16.9

Dry Mass 
Collected in 

Weir (kg) 684

* Due to the sediment sampling and removal process, some 
contents of the weir did not belong to a clear section. Average 
ratios of the weir were applied to this volume. 
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Conclusion


