
Extent of Armor Layer Development in the Sand-
dominated San Antonio River

2. Objective

1. Introduction
In rivers with mixed-sized sediment, low sediment input relative to
transport capacity can cause armor development (Dietrich et al.,
1989). Defined by a surface layer that is one or two coarser
particles in thickness (Melville and Chin, 1986), armoring is
developed by two winnowing processes (fig. 1).

This poster presents initial results from a field study investigating
the sediment characteristics of channel bars in the poorly sorted
sand-dominated San Antonio River. The specific objectives were to
(1) establish whether armor development occurs and (2) quantify
how variable the development is when present.
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3. Methods
The study reach is the lower section of the San Antonio River,
located south of the city of San Antonio, Texas (fig. 2).

The surface and subsurface sediments were sampled
independently, as recommended by Kellerhals and Bray (1971). The
sampling technique used was the volumetric method, where bulk
samples of both the surface and subsurface were collected.

The data collected in the field consisted of 72 bed material samples
obtained from 3 channel bars in spring of 2017 (fig. 3). To
characterize whether armor layers were present, 12 paired surface
and subsurface samples were collected from each bar head.

For each bar head, sample sites followed a 2 x 3 m grid oriented
along the water edge. At each site, samples were removed from a
57 x 57 cm area defined by a wooden frame. The surface sediment
was removed to a 2-cm depth and the immediate subsurface sample
was collected typically to a depth of 10 cm. Characteristics of the bar
sediment ranged from mud drapes to well exposed gravel up to 45
mm in size (fig. 4). Some areas were well covered by grasses.

To characterize the amount of armoring, the ratio between D50s and
D50b was computed (Hassan et al. 2006), where D50s is the surface
median diameter and D50b is the subsurface median diameter. A lack
of armor development is indicated by a ratio of 1, whereas a well-
developed armor will have a ratio of 2 or more (Hassan et al. 2006).
Armor ratio values that are below 1 may indicate that fine sediment
covers the surface (Bunte et al. 2001).

On the Cibolo bar the D50s range from 0.15 to 16 mm, whereas the
D50b range from 0.15 to 4.8 mm. Armor ratios average 9.8 ± 2.9,
where 58% have a ratio of 2 or larger. Five significant outliers with
ratio values of 16, 16.4, 20, 23, and 27 are found at positions 9, 4,
5, 7, and 6, respectively (fig. 5).

Buffington, J., and Montgomery, D. (1999). Effects of sediment supply on
surface textures of gravel-bed rivers. Water Resour. Res., 35(11), 3523-
3530, doi:10.1029/1999WR900232.

Bunte, K., Abt, S. (2001). Sampling surface and subsurface particle-size
distributions in Wadable gravel- and cobble-bed streams for analyses in
sediment transport, hydraulics, and streambed monitoring, USDA Rocky
Mountain Research Station, General Technical Report RMRS-GTR-74.

Church, M., and Haschenburger, J.K. (2017). What is the “active layer”? Water
Resour. Res., 52, doi:10.1002/2016WR019675. [Modified image.]

Church, M., and Venditti, J. (2014). Morphology and controls on the position of
a gravel-sand transition: Fraser River, British Columbia, J. Geophys. Res.
Earth Surf., 119, 1959-1976, doi: 10.1002/2014JF003147.

Dietrich, W.E., Kirchner, J.W., Ikeda, H., and Iseya, F. (1989). Sediment supply
and the development of the coarse surface layer in gravel-bedded rivers.
Nature, 340, 215-217, doi: 10.1038/340215a0.

Hassan, M.A., Egozi, R., and Parker, G. (2006). Experiments on the effect of
hydrograph characteristics on vertical grain sorting in gravel bed rivers,
Water Resour. Res., 42,W09408, doi: 10.1029/2005WR004707.

Kellerhals, R., and Bray, D. I. (1971). “Sampling procedures for coarse fluvial
sediments.” J. Hydr. Eng. Div. ASCE, 103(HYB), 1165–1180.

Melville, B.W., and Chin, C.O. (1986). “Stream Bed Armouring.” 9th

Australasian Fluid Mechanics Conference. University of Auckland, New
Zealand.

Parker, G., and Klingeman, P. (1982). On why gravel bed streams are paved.
Water Resour. Res., 18(5), 1409-1423, doi: 10.1029/WR018i005p01409.

The main conclusions of this study are:

1) Armor layer development is documented on all three channel
bars. However, the frequency of development ranges from only
25% to the maximum possible of 100%. This suggests that
local controls on sediment supply and transport are especially
important in the process of armor development when gravel
content in the bed material is low.

2) When armor is present, the armor ratios indicate that the
surface layer can be more than 20 times the thickness of the
characteristic size of subsurface sediment. This is best
explained by the vertical segregation of sizes; gravel generally
resides only on the surface and overlies nearly pure sand.

Further study is needed to improve understanding of armor layer
development in poorly sorted sand-dominated rivers like the San
Antonio River.

Fig. 1 - Modified from Church, M. and J.K. Haschenburger
(2017)

Fig. 3 – Channel bar locations with respect to river channel morphology. (A) Cibolo, (B) Ecleto, and
(C) Charco. Map scale is 1:2,600. Flow is from top to bottom in each photograph. Left photograph
is most upstream which progresses to downstream in the last photograph.
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4. Results

Fig. 4 - Channel bar varied surface characteristics. Sediment ranged from mud drapes to well
exposed gravel up to 45 mm in size. Some areas were well covered by grasses.

CharcoCibolo Ecleto

6. References

5. Conclusions

Fig. 2 – The location of the San Antonio River and channel bars. 

On the Ecleto bar D50s are more similar, ranging from 18.0 to 31.5 
mm, whereas the D50b span a wider range of 0.77 to 13.3 mm.  
Armor ratios average 8.6 ± 3.3, where 100% have a ratio of 2 or 
higher. Four significant outliers are at position 7, 8, 2, and 3 with 
ratio values of 6.8, 10, 27, and 36, respectively (fig. 6). 

On the Charco bar D50s range from 0.12 to 12 mm, whereas the D50b
are more similar and range from 0.13 to 0.25 mm. Armor ratios 
average 11.2 ± 6.6, where 25% have a ratio of 2 or higher. Three 
significant outliers are at position 7, 10, and 4 with ratio values of 
7.7, 53, and 66, respectively (fig. 7).
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Fig. 7 – Armor ratios with respect to sampling position at
Charco. The solid red line indicates the mean armor ratio.

Fig. 6 – Armor ratios with respect to sampling position at Ecleto. 
The solid red line indicates the mean armor ratio.

Fig. 5 – Armor ratios with respect to sampling position at Cibolo. 
The solid red line indicates the mean armor ratio.

The vertical winnowing 
process can be visualized 
by grain replacement. For 
example, when a large 
grain is removed, it 
leaves an opening in the 
bed where smaller grains 
may move below the 
surface (Parker and 
Klingeman, 1982). 
Additionally, when there is a poorly sorted bed surface deprived of 
sediment, those surfaces typically coarsen due to size-selective 
winnowing of the fine grains (Buffington and Montgomery, 1999), 
known as horizontal winnowing. In a sediment mixture dominated by 
sand, it is expected that armoring may become ‘patchy’ as shear 
stress declines to values that prevent sand fractions from continued 
suspension (Church and Venditti, 2014).


