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Abstract: Erosion dynamics in semiarid environments is defined by high magnitude, low 
frequency rainfalls that produce runoff with high sediment concentration. Check dams are 
widely used in this environment as a sedimentation mitigation technique, however their 
impact on overall watershed sediment balance is not well known. In 2008 a total of 37 loose 
rock semipermeable check dams were installed on two small (4 and 3.1 ha [9.8 and 7.6 ac]) 
watersheds located on the alluvial fan of the Santa Rita Mountains in southern Arizona. Each 
watershed was equipped with a rain gauge, supercritical flow flume, and sediment sampler. 
The runoff and sediment yield characteristics following the check dam installation were com-
pared with 35 years of historical records. Impacts of the check dams on runoff from major 
rainstorms were not detectable; however the number of runoff events generated by small (less 
than one year recurrence interval) rainstorms decreased by 60%. During four years check 
dams retained 75 t (82.6 tn) of sediment (50% of sediment yield) and were filled to more 
than 80% of their capacity. Depositional areas upstream of the dams have potential to support 
watershed restoration.
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Arid ecosystems of the southwestern 
United States have been experiencing 
rapidly increasing anthropogenic pres-
sure over the last century (Brown et al. 
2005; Renard et al. 1993). Exacerbated 
by vegetation change (Parsons et al. 1996) 
such as proliferation of trees and shrubs 
(Browning et al. 2008) and spread of inva-
sive species (McClaran et al. 2010), this 
significantly affects channel and watershed 
hydrology in the region. Erosion dynamics 
in semiarid environments are defined by 
high magnitude, low frequency rainfalls that 
produce runoff with sediment concentra-
tions generally greater than those in humid 
environments (Cohen and Laronne 2005). 
On small (<4 ha [9.8 ac]) watersheds of the 
Santa Rita Experimental Range where the 
current experiment was conducted, storms 
generating 5 t ha–1 (2 tn ac–1) of sediment 
have a return period of six years, while yields 
as high as 37 t ha–1 y–1 (15 tn ac–1 yr–1) have 
been observed (Polyakov et al. 2010).

Installation of check dams is one of the 
approaches for erosion mitigation on small 
watersheds. These are small barriers con-
structed of rocks, or other materials placed 

across the flow and anchored into the bot-
tom and sides of the channel. Check dams 
produce upstream and downstream effects. 
Upstream they modify water and sediment 
transport by impounding storm flow, reduc-
ing its velocity and peak rate, decreasing 
channel slope, and allowing more time for 
infiltration and sediment settling (Mishra 
et al. 2007). In addition, depositional areas 
upstream alter soil moisture distribution 
(Nichols et al. 2012) and may become the 
starting point for channel revegetation. 
Downstream of the dam decreased sedi-
ment load may result in accelerated channel 
erosion due to greater transport capacity 
(Castillo et al. 2007). Check dam effect on 
scour dynamics varies greatly depending 
on initial slope, soil texture, spacing, drop 
height, flow depth, etc. (Lenzi and Comiti 
2003). On watersheds with coarse soil tex-
ture check dams may be particularly effective 
due to greater sediment retention and for-
mation of a permeable bed.

Check dams are used frequently in arid or 
mountainous environments with ephemeral 
hydrology (Castillo et al. 2007; Lenzi and 
Comiti 2003; Sougnez et al. 2011). They are 

often employed across large areas. For exam-
ple, sediment trapped by check dams built 
since the 1960s created a substantial amount 
of land area (68,000 ha [168,031 ac]) in the 
Yellow River basin (Xu 2005).

Check dams have been shown to be an 
effective sedimentation mitigation technique. 
A 4.5-fold reduction of sediment yield from 
a 826 km2 (513 mi2) watershed in southeast 
Spain was reported after installation of 400 
check dams in an effort to reduce reservoir 
sedimentation (Romero-Diaz et al. 2007). A 
3-fold to 5-fold decrease in mean diameter 
of sediment particles on channel floor was 
observed after check dam installation on a 
mountain river in northern Italy where 10 
year floods reach a discharge rate of 40 m3 
s–1 (1,413 ft3 sec–1) (Lenzi and Comiti 2003). 
The effect of check dams has been simulated 
for a subhumid environment, predicting 50% 
reduction in sediment yield during 5 years 
after installation on a 1,100 ha (2,718 ac) 
watershed (Mishra et al. 2007). Increase in 
vegetation diversity, canopy cover or creation 
of new habitats were also recognized as indi-
rect benefits of the check dams (Bombino et 
al. 2006).

Observation of channel cross section and 
bed material in several studies (Castillo et 
al. 2007; Porto and Gessler 1999), indicate 
that check dams may increase erosion down-
stream; however the amount of material held 
by the downstream dams accounted for that 
sediment. This might limit the effective-
ness of the treatment in the environments 
where dams fill to their full capacity quickly 
(Castillo et al. 2007; Nyssen et al. 2004). 
Strong vertical erosion downstream of the 
check dams was observed in coastal areas of 
central Italy in the lower tracts of the chan-
nels (Coltorti 1997). High failure rates (39% 
of the structures within two years) have been 
reported (Nyssen et al. 2004) in areas with 
smectite-rich or other soils prone to swell-
ing. The failure occurred primarily through 
piping and bypass and showed correlation 
with drainage area and the slope.
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While the effect of check dams on chan-
nel stability has been studied extensively 
(Conesa-Garcia et al. 2007; Porto and 
Gessler 1999), their impact on overall water-
shed sediment balance is not well known 
(Castillo et al. 2007). In most cases sediment 
yield history of the study site is lacking and 
dam efficiency is estimated from deposited 
sediment volume, using assumed retention 
coefficient (Molina et al. 2008; Romero-
Diaz et al. 2007). The goals of this study 
were to (1) measure the change in water-
shed outlet sediment yield and runoff as a 
response to check dam construction on two 
small, monitored watersheds, and (2) quan-
tify internal watershed sediment retention 
and channel morphologic change.

Materials and Methods
Description of the Experimental Site. The 
experimental site was located in Santa Rita 
Experimental Range (SRER) 45 km (28 
mi) south of Tucson in southern Arizona 
(31°48′55.2″ N; 110°51′4.4″ W; 1,160 m 
[3,806 mi] above sea level) on the alluvial 
fans of the Santa Rita Mountains, which 
are in the eastern part of the Sonoran 
Desert (McClaran et al. 2003). The area 
has semiarid climate dominated by North 
American Monsoon (Sheppard et al. 2002). 
Precipitation is highly spatially and tempo-
rally variable with a pronounced peak in 
July to September and a lesser increase in 
December to March. The annual precipita-
tion at the experimental site averages at 410 
mm y–1 (16 in yr–1) and average daily temper-
atures are 24.4°C (75.9°F) in July and 10.6°C 
(51.1°F) in January (Lawrence 1996). The 
watersheds used in the study were grazed by 
cattle until 2006 (1975 to 2006 average 26.4 
ha animal–1 y–1 [65 ac animal–1 yr–1]).

Two instrumented watersheds (5 and 6) with 
respective areas of 4 and 3.1 ha (9.8 and 7.6 ac) 
located 300 m (984 ft) apart were selected for 
the study (table 1 and figure 1). Watershed 5 
features a well-developed third order channel 
network with 4% main channel slope gradient. 
The channel network on watershed 6 is less 
extensive (second order), but the channel gra-
dient is slightly steeper (6%). Channels on both 
watersheds are up to 1.5 m (4.9 in) deep with 
steep banks and occasional headcuts. Prior to 
dam installation, the channel on watershed 5 
contained a large amount of coarse alluvium 
with particles 1 to 3 mm (0.03 to 0.11 in). 
Watersheds 5 and 6 have loamy sand soils. They 
are well drained and have low organic con-

tent, with a saturated hydraulic conductivity of 
between 50 and 150 mm h–1 (2 and 5.9 in hr–1) 
(USDA 2003).

The vegetation at SRER is represented 
by shrubs (mesquite [Prosopis velutina Woot.], 
hackberry [Celtis pallida Torr.], catclaw acacia 
[Acacia greggii Gray]), cacti ([cholla Opuntia 
spinisor Engelm], prickly pear [Opuntia 
engelmanni Salm-Dyck], and fishhook bar-
rel [Ferocactus wisilizenii Britt. & Rose]), 
and grasses (black grama [Bouteloua eriopoda 
Torr.], Lehmann lovegrass [Eragrostis lehman-
niana Nees], Arizona cottontop [Digitaria 
californica Benth.], and Santa Rita threeawn 
[Aristida glabrata Vasey]) (Martin and Morton 
1993). In 1974, prior to the commence-
ment of runoff and sediment data collection, 
watershed 6 was treated to remove mesquite. 
Despite some initial rebound, mesquite 
canopy cover subsequently declined giving 
way to a small shrub burroweed (Ambrosia 
dumosa). Shrub cover on untreated watershed 
was twice that of treated by 1986 (Martin 
and Morton 1993).

Instrumentation and Sampling. Watersheds 
5 and 6 were instrumented by the USDA 
Agricultural Research Service in 1975. 
Precipitation is measured using a high reso-
lution weighing type rain gauges located on 
each of the watersheds. The watersheds are 
equipped with Smith-type supercritical flow 
flumes (Smith et al. 1981) instrumented with 
stage recorders and sediment samplers. The 
flumes are rated for flows of up to 1.4 m3 s–1 
(49.4 ft3 sec–1) and are designed to prevent 
sediment deposition on the flume floor. The 
stage recorders consist of a stilling well, float, 
and recorder. Sediment samples are col-
lected during runoff events using a traversing 
slot sampler that obtains up to 20 two-liter 
depth integrated samples per event at pre-
determined time intervals ranging from 3 
to 15 minutes (Nichols et al. 2008). Further 
details on design, calibration, and operation 
of the sampler can be found in Renard et 
al. (1986). After collection the samples were 
weighed, flocculated, decanted, oven dried, 
and weighed again to determine total sedi-
ment concentration.

Check Dam Design and Construction. 
The check dams were designed based on 
relationships developed by Heede (1978) 
that consider geomorphic characteristics of 
the channel network, such as slope and the 
stage of gully development. Prior to check 
dam construction, topographic surveys of 
the channel, its cross sections, and channel 

banks profiles were conducted using Real 
Time Kinematic global positioning system. 
Dams were built to a height of approximately 
two-thirds of the initial channel depth and 
spaced such that the resultant deposition 
slope would extend from the check dam 
to the base of the adjacent upstream dam. 
Deposition slopes (Sd) were calculated using 
the following relationship developed by 
Heede (1978):

Sd = 0.0072 + 0.0028 × So,	 (1)

where So is the average initial channel slope. 
Since the sediment deposition slope is a func-
tion of the type of deposited material, which 
presumably was the same for the entire chan-
nel, Sd was assumed to be constant within 
each watershed. Tributaries were treated as 
continuation of the main channel, and the 
location of the first dam within each tribu-
tary was calculated based on the location of 
the nearest dam in the main channel.

Check dams were constructed in 
November of 2008 from loose 10 to 30 cm 
(4 to 12 in) rocks fit together individually by 
hand and stabilized with wire mesh (figure 
2a). The dams were keyed into the banks 
and channel floor to the depth of approxi-
mately 30% of the aboveground height. The 
dams are semipermeable to allow runoff to 
go through the dam body. The dams were 
0.15 to 0.6 m (0.5 to 2 in) high and up to 
0.5 m (1.6 in) thick with the middle section 
slightly lower than the sides to create a low 
overfall point and direct the overflow away 
from the banks. A total of 27 dams (of which 
12 on the main channel) were constructed 
on watershed 5, and 10 (7 on main chan-
nel) on watershed 6 (figure 1). Topographic 
surveys were conducted annually (table 4) to 
measure check dam geometry and quantify 
channel profile and morphologic changes 
resulting from deposition and scour. Check 
dams and channels were photographed at the 
time of surveys.

Data and Analysis. Precipitation, run-
off, and sediment data were collected on 
watersheds starting in 1975 and continued 
through 2012. Precipitation was recorded at 
a resolution of 0.25 mm (0.01 in) at 1 minute 
intervals. Event runoff rate was recorded at 
15 second intervals and the resolution varied 
from 0.1 L s–1 (0.03 gal sec–1) at low rate to 7 
L s–1 at 330 L s–1 (1.8 gal sec–1 at 87.2 gal sec–1) 
rate. Event sediment yield was calculated by 
integrating the product of sampled sediment 
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concentration, flow rate, and corresponding 
time interval. Runoff events with fewer than 
3 sediment samples were considered to be 
inadequately sampled (Nearing et al. 2007).

The volume of the sediment retained 
behind the dams (check dam storage) was 
calculated as (Romero-Diaz et al. 2007)

V = 1 ÷ 3 × l × A,	 (2)

where l is the length, and A is the cross sec-
tional areas of the sediment wedge at the dam.

Three groups of variables were compiled 
and used in the statistical analysis: precip-
itation, runoff, and sediment yield. Linear 
regression models (PROC REG) and one-
way analysis of covariance were used (SAS 
2008) to describe relationship between the 
variables and to determine whether these 

Table 1
Watershed properties and soil description.

Identif-	 Area	 Elevation	 Average	 Main channel		  Clay*	 Erodibility	 Soil
ication	 (ha)	 (m)	 slope (%)	 Order	 Length (m)	 Soil texture*	 (%)	 (K-factor)*	 classification*

WS 5	 4.0	 1,164	 3.9	 3	 195	 Combate loamy sand	 5 to 20	 0.022	 Coarse-loamy, mixed thermic
	 	 	 	 	 	 	 	 	    Ustic Torrifluvents
WS 6	 3.1	 1,159	 3.5	 2	 98	 Comoro loamy sand	 5 to 20	 0.032	 Coarse-loamy, mixed thermic
	 	 	 	 	 	 	 	 	    Typic Torrifluvents
*USDA 2003.

Figure 1
Channelized portion of (a) watershed 5 and (b) watershed 6 and the location of check dams (photo 
taken in 2010). Labeled are check dams 1.2 that experienced scouring, and 1.10 shown in figure 2.

(a)

(b)

1.2

1.10

Watershed boundary
Check dams
Channels

50

relationships changed as a result of check 
dam construction in 2008. Obtained regres-
sion models were used to estimate sediment 
yield at the watershed outlet for the runoff 
events that either lacked sediment data or 
were inadequately sampled (Nearing et al. 
2007). Characteristics of precipitation events 
were determined from the long-term historic 
records and their size distribution compared 
to that of events which occurred after 2008 
(Kolmogorov-Smirnov nonparametric test). 
Pre and postcheck dam peak discharge data 
compiled from 1975 through 2012 were 
used to compute flood-frequency estimates. 
The Log-Pearson Type III frequency distri-
bution was fit to the annual peak discharge 
data (Interagency Advisory Committee on 
Water Data 1982). In all statistical tests p = 
0.05 was used, unless otherwise indicated.

Results and Discussion
Rainfall Characteristics. The average annual 
precipitation (Pt) over the 35 year period on 
watersheds 5 and 6 was 398 and 399 mm 
(15.6 and 15.7 in), respectively, and these 
values were not significantly different from 
each other. Precipitation in the area is sea-
sonal with 57% of the total rainfall occurring 
during the monsoon season (July through 
September) and 20% during winter months. 
Rainfall events during monsoon are usually 
of short duration and high intensity with 
a single peak. Close proximity of the two 
watersheds to each other (300 m [984 ft]) 
resulted in very similar rainfall characteris-
tics. Mean event energy (E ), precipitation 
intensity (Pi), maximum rainfall intensity in 
30 minutes (I30), and precipitation peak (Pp) 
on the two watersheds were not significantly 
different from each other. Top and bottom 
10 percentile of the events accounted for 46% 
and 0.5% of the total precipitation, respec-
tively. The median rainfall event was 2.2 
mm (0.09 in). Average precipitation dura-
tion (Pd) during the peak of monsoon season 
in July was 77 minutes increasing to 170 
minutes during winter storms. Comparison 
of rainfall event size and frequency distribu-

Legend
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Figure 2
Stream channel and sediment accumulation at check dam 1.10 (also see figure 1) on watershed 
5 on (a) November 23, 2009, and (b) April 17, 2012.

(a)

(b)

tion before and after check dam installation 
(Kolmogorov-Smirnov nonparametric test) 
showed no significant difference between 
these two populations.

Runoff. Prior to December of 2008, 
14% of rainfall events produced runoff on 
watershed 5 and 10% on watershed 6 (table 
2). After the installation, this percentage 
decreased to 11% and 4% respectively. The 
I30 was overall the best predictor of event 

runoff volume (Qt) on watersheds 5 and 6 as 
established previously using the same dataset 
(Polyakov et al. 2010). We used the following 
equation to determine whether watershed 
response to precipitation has changed due to 
installation of check dams:

Qt = k + a × I30,	 (3)

where Qt is total event runoff, and k and a 
are coefficients.

For watershed 5 the analysis of covariance 
(table 2) showed that the slope and inter-
cept of the linear model (equation 3) have 
not changed significantly due to check dams, 
indicating that total runoff as a function 
of I30 remained unaffected. The same was 
observed for the slope coefficient for water-
shed 6, however the intercept of the model 
increased significantly (p = 0.01). The latter 
means that the I30 required to initiate runoff 
on watershed 6 increased from 14 mm h–1 to 
20 mm h–1 (0.55 in h–1 to 0.79 in hr–1) due to 
installation of check dams. The former num-
ber is in better agreement with threshold 
values for runoff initiation reported for sim-
ilar sized watersheds in the region (Osborn 
and Lane 1969).

Large runoff events have greater relative 
influence on the model (equation 3) due to 
their greater leverage. These events are also less 
likely to be influenced by check dams due to 
their limited runoff detention capacity. While 
the analysis of covariance (table 2) indicated 
no statistically significant change in large 
runoff events caused by the dams, it might 
underestimate the effect of these structures 
on small events. The increase in the intercept 
coefficient for postconstruction period on 
watershed 6 supports this hypothesis.

The range of expected event peak dis-
charge rates was quantified for watershed 
5 by calculating the flood frequency distri-
bution (Interagency Advisory Committee 
on Water Data 1982) based on 34 years of 
measurement prior to check dam construc-
tion (table 3). Although the postcheck dam 
evaluation period is not of sufficient dura-
tion to statistically compare flood frequency 
distributions between the time periods, the 
long-term data provide a context for evalu-
ating the characteristics of runoff during the 
study period. Although rainfall characteristics 
during the same period (2009 to 2012) were 
consistent with expectation based on anal-
ysis of the long-term precipitation data, as 
indicated in the previous section, the propor-
tion of very small runoff events (recurrence 
interval <1 year) measured at the watershed 
outlet during 2009 to 2012 period was less 
than one-third of the proportion expected 
based on the prior (1975 to 2008) long-term 
flood frequency analysis. During the post-
construction period a greater percentage of 
small rainfalls failed to produce runoff that 
reached the watershed outlet. Check dams 
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Table 2
Rainfall and runoff characteristics on the watersheds 5 and 6 before and after check dam installation in December of 2008. Regression coefficients 
for runoff and runoff peak from the watersheds (Q

t
 = k + a × I30; Q

p
 = k + a × I30).

		  Watershed 5		  Watershed 6
		  July of 1975 to	 December of 2008	 July of 1975	 December of 2008
Variables		  November of 2008	 to April of 2012	 to November of 2008	 to April of 2012

Number of rainfall events	 	 2,730	 237	 2,700	 275
Number runoff of events	 	 382	 26	 270	 11
Average annual Qt (mm y–1)	 	 21.8	 28.6	 7.7	 2.0
Average event Qt (mm)		  1.94a	 3.44a	 0.98a	 0.61a
Qt/Pt		  0.082a	 0.198b	 0.035a	 0.024a
Average Qi (mm h–1)		  1.54a	 2.96b	 0.69a	 0.56a
Average Qp (mm h–1)		  5.62a	 13.02b	 2.65a	 1.94a

Total runoff Qt (mm)	

	 Intercept		  –2.43a	 –2.83a	 –1.52a	 –1.32b
	 slope		  0.22a	 0.26a	 0.11a	 0.05a
	 r 2	 	 0.58	 0.77	 0.43	 0.39
Notes: Numbers with the same letter within the same row and watershed are not significantly different from each other. p = 0.05

Table 3
Frequency analysis of runoff events on watershed 5 before (1975 to 2008) and after (2009 to 
2012) check dam construction.

Recurrence	 Probability of	 Peak	 Runoff events

Interval	 occurrence	 discharge	 1975 to 2008	 2009 to 2012
years	 (%)	 m3 s–1	 n	 %	 n	 %

100	 1	 1.203	 1	 0.2	 0	 0.0
50	 2	 0.957	 0	 0.0	 0	 0.0
25	 4	 0.739	 1	 0.2	 1	 2.6
10	 10	 0.493	 3	 0.7	 2	 5.1
5	 20	 0.331	 7	 1.6	 0	 0.0
2	 50	 0.153	 27	 6.2	 10	 25.6
1.25	 80	 0.068	 61	 13.9	 8	 20.5
1.05	 95	 0.030	 103	 23.5	 10	 25.6
1.01	 99	 0.015	 85	 19.4	 4	 10.3
	 >99	 <0.015	 151	 34.4	 4	 10.3
Total			   439		  39

are more likely to reduce hydrologic con-
nectivity between the watershed uplands, 
channel network, and outlet during small 
runoff events than during large runoff events.

Sediment Yield in Runoff. During 33 
years of observation prior to check dam 
installation average annual sediment yield on 
watersheds 5 and 6 was 7.06 and 0.66 t ha–1 
y–1 (2.86 and 0.27 tn ac–1 yr–1) respectively. 
These results are within the range of values 
(0.06 to 6.4 t ha–1 y–1 [0.02 to 2.59 tn ac–1 
yr–1]) reported previously for various small 
watersheds in the region (Nichols 2006). The 
largest 10% of the storms accounted for 56% 
and 66% of total measured sediment yield on 
watershed 5 and 6, respectively. Most of the 

sediment yield (87%) occurred during mon-
soon season from July through September.

Direct sediment yield measurement 
was successful in approximately 30% of all 
recorded runoff events. Unsuccessful mea-
surements are due to insufficient flow or 
under representative number of samples 
(less than three per continuous hydrograph). 
During the postinstallation period, 37 runoff 
events were recorded on both watersheds, 
12 of which were successfully sampled. 
Several large events were missed due to 
equipment malfunction, including the larg-
est storm in three years. Sediment yield for 
the unsampled events was estimated using 
linear regression developed using data from 
the sampled events (figure 3), (Nearing et 

al. 2007; Polyakov et al. 2010). In order to 
avoid bias toward larger storms that have a 
greater sampling success rate, a regression 
with zero intercept term was used (Nearing 
et al. 2007). Peak runoff rate was the best 
predictor variable for sediment yield on 
watershed 5 (Polyakov et al. 2010):

Sy = k × Qp,	 (4)

where Sy is event sediment yield (tonnes per 
hectare), Qp is peak runoff rate (millimeters 
per hour), and k is a regression coefficient.

The regression slope k (equation 4 and-
figure 3) for watershed 5 with check dams 
installed was 0.056, which was a large 
decrease in comparison with the previous 
1975 to 2008 period (0.116). However the 
regression slopes for the two periods were 
significantly different from each other only 
at α = 0.2. This change indicates a twofold 
decline in sediment yield at the outlet due to 
the presence of check dams in comparison 
with the untreated watershed. Lack of sed-
iment data (one sampled event) during post 
installation period precluded fitting a simi-
lar regression (equation 4) for watershed 6. 
Instead, directly measured sediment yield was 
used in further analysis.

Total watershed outlet sediment yield in 
runoff during the post installation period was 
79.4 t (19.8 t ha–1 [8.01 tn ac–1]) and 0.24 t 
(0.076 t ha–1 [0.03 tn ac–1]) on watershed 5 
and 6, respectively (table 4). These rates were 
higher than the long- term average, which 
was attributed to increased storm activity 
particularly during the 2011 monsoon sea-
son, which accounted for two-thirds of the 
total yield.
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Figure 3
Sediment yield in runoff on watershed 5 in the Santa Rita Experimental Range as affected by 
installation of check dams in December of 2008.
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Table 4
Measured and estimated sediment yield and sediment balance after check dam installation on watersheds 5 and 6.

	 Number of runoff
	 events (n)		 Sediment yield in runoff (t)

				    Estimated

		  Successfully		  Precheck	 Postcheck	 Check dam	 Check dam
Period	 Total	 sampled	 Sampled	 dams	 dams	 storage (t)	 retention (%)

Watershed 5
	 1975 to 2008	 382	 123	 518.0	 951.2

	 November 25, 2008 to	 4	 1	 1.62	 6.44	 3.12	 6.71	 68.3
     November 23, 2009

	 November 23, 2009 to June 6, 2011	 7	 5	 13.91	 54.39	 26.39	 27.57	 51.1

	 June 6, 2011 to April 17, 2012	 15	 5	 16.54	 103.12	 49.94	 40.34	 44.7

	 Postinstallation total	 26	 11	 32.07	 163.94	 79.40	 74.62	 48.4

Watershed 6
	 1975 to 2008	 270	 57	 44.6	 67.05

	 November 23, 2009 to June 3, 2011	 4	 0	 0	 0.40	 N/A	 0.83	 100.0

	 June 3, 2011 to April 17, 2012	 7	 1	 0.24	 1.26	 N/A	 0.27	 53.2

	 Postinstallation total	 11	 1	 0.24	 1.66	 N/A	 1.10	 82.4

Check Dam Sediment Storage and Total 
Balance. During the three year study period 
the check dams on watersheds 5 and 6 
retained 74.6 tn (18.6 t ha–1) and 1.1 tn (0.4 t 
ha–1) of sediment, respectively, as determined 
from topographic surveys (table 4). The 
amount of sediment retained by the check 
dams was added to the amount of sediment 
measured at the outlet flumes to compute 
the total sediment yield for the period of 
study. Sediment retention was directly pro-
portional to runoff for the corresponding 
survey cycle and varied between 45% and 
100% of the total yield decreasing slightly 
over time as check dams filled. Check dam 
sediment retention ratio for the entire period 
was 48.4% and 82.4% on watersheds 5 and 6, 
respectively (table 4).

As discussed previously watershed outlet 
runoff characteristics were not significantly 
affected by check dams based on the statis-
tical analyses. We used equation 4 with k 
= 0.116, which is regression coefficient for 
the runoff to sediment yield relationship for 
33 years of observation prior to dam con-
struction and applied it for the period of 
August of 2008 to April of 2012. The mod-
eled sediment yield estimate for this scenario 
where watershed was intact (163.9 tn [180.7 
t]) was comparable to the sum of the actual 
runoff yield and check dam storage for the 
same period (154 tn [169.7 t]). Similarly, on 
watershed 6 the predicted yield for intact 
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watershed was 1.66 tn (1.83 t), while the 
sum of measured runoff and check dam stor-
age was 1.34 tn (1.47 t).

Channel and Check Dam Observations. 
In many cases, sediment accumulated in the 
channels even after the check dams were 
backfilled to the dam crest. In such cases the 
depositional slope Sd (equation 1) continued 
to increase beyond that expected based on 
the initial design. For example, by 2012, 
Sd of the main channel on watershed 5 was 
three times greater (Sd = 0.023) than pre-
dicted during design stage (Sd = 0.007) and 
approximately 36% smaller than the initial 
channel slope (Sd = 0.036). As pointed out 
by Heede (1978), depositional slope adjust-
ment is likely to be a function of site specific 
variables. However, magnitudes of gradient 
adjustment behind impoundments similar to 
those in this study have been observed on 
arid ephemeral channels elsewhere (Conesa-
Garcia et al. 2007; Leopold 1992) where 
slopes were reduced by 5% to 50% depend-
ing on the initial gradient.

Initially slope reduction was associated 
with sediment buildup upstream and in 
several cases simultaneous channel erosion 
immediately downstream of the structures. 
Within 2 to 3 years, 10 out of 27 check 
dams on watershed 5 were partially bur-
ied by deposition from the adjacent dam 
located downstream. Relatively high values 
of Sd could be attributed to the armoring of 
the surface with coarser material over time. 
In addition, an Sd estimate might be biased 
because the initial channel slope on which 
this estimate was based was already altered 
by the flume acting as stable base of erosion.

These observations raise the question of the 
role of antecedent or legacy sediment storage 
in future sediment yields. Channel networks 
with sediment retaining structures contains 
large amount of loose sediment readily avail-
able for transport. With the depositional 
slope gradient eventually approaching that 
of the initial slope, the sediments behind 
check dams could potentially be entrained 
during a large runoff event depleting the sys-
tem and initiating new cycle of deposition. 
Vegetative restoration could be a way to 
prevent this cycle from occurring.

In between the surveys individual check 
dams were filled at different relative rates 
and sequence; however there was no appar-
ent relationship that tied these rates to dam 
locations in the stream network. How well 
the rocks were fitted together and check dam 

size might have played a role in the deposi-
tion process.

During the course of the three year exper-
iment only one check dams on watershed 
5 failed (of the 37 installed) and partially 
collapsed due to channel bypass and bank 
undercutting. A relatively low failure rates 
for this type of loose rock structures (Nyssen 
et al. 2004) was attributed to the design 
that employed wire mash wrap, keying into 
the bottom and sides of the channel, and 
to energy dissipation aprons downstream. 
Channel scouring was observed immedi-
ately downstream of several of the dams. 
The largest downstream scour occurred at 
dam 1.2 on the main channel of watershed 
5 (figure 1) and totaled 1.4 tn (1.5 tn) by the 
June 3, 2011, survey. Over the course of the 
study period scour forms were subsequently 
refilled as sediment accumulated in response 
to adjacent check dams.

Repeat photography (figure 2) showed 
visual indication of vegetation recovery 
occurring around the perimeter of some of 
the depositional areas. This process was par-
ticularly prominent on the upper reaches of 
watershed 5. Channels there are relatively 
shallow with gently sloping overbanks that 
allowed formation of wide nearly flat allu-
vial beds without a clearly defined thalweg. 
Slower and less concentrated flow in these 
areas is expected to result in greater volume 
of local recharge, which is conducive to 
increased vegetation growth.

Summary and Conclusions
Overall check dams had no statistically signifi-
cant effect on runoff volume of major events; 
however they reduced the number of runoff 
events generated by rainstorms with less than 
one-year recurrence interval. The amount of 
water that check dams can backup is small 
in comparison with overall runoff volume; 
however it is sufficient to decelerate the flow 
enough to induce deposition.

Sediment retention rate of the check dams 
was over 50% during the first three years 
after construction. Retention rate changed 
little through the duration of the study, but 
is expected to decrease as the impoundments 
fill to their total capacity. Decreased sediment 
load downstream of the dams might have 
contributed to localized scouring; however 
the overall effect of this process was minimal 
due to compensatory deposition and even-
tual refill of all scour forms.

As a result of depositional slopes higher 
than computed based on the design meth-
ods (65% of the original channel gradient) a 
number of check dams were partially buried. 
To prevent this from happening their spacing 
could be increased two to three times com-
pared to the one used, such that backfilling 
starting at a downstream crest would only 
reach to the base of the next upstream dam. 
Optimal check dam placement is critical for 
ensuring adequate depositional areas while 
at the same time reducing cost of watershed 
treatment.

The low failure rate of the check dams 
in this study highlights the importance of 
implementing such design elements such 
as keying the structures into channel banks, 
stabilizing loose rocks with wire mesh, and 
constructing downstream energy dissipating 
aprons. All these features minimize the risk 
of collapse due to bypass or undermining.

Depositional areas behind the dams could 
serve as starting point for watershed res-
toration due to increased infiltration and 
accumulation of organic material. Well-
established vegetation ensures that large 
amount of sediment deposited in the chan-
nels will not become entrained and flushed 
downstream during large runoff events.
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