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Abstract
Construction and operation of dams provide sources of 

clean drinking water, support large-scale irrigation, generate 
hydroelectricity, control floods, and improve river navigation. 
Yet these benefits are not without cost. Dams affect the natural 
flow regime, downstream sediment fluxes, and riverine and 
riparian ecosystems. The Jemez Canyon Dam in New Mexico 
was constructed in 1953 by the U.S. Army Corps of Engineers 
with authorizations for flood control and sediment retention. 
Water managers of the dam use various operational techniques 
to restore peak streamflow, improve sediment management, 
and restore altered ecosystem processes, while maintaining the 
authorized purposes of the dam. This study focuses on four 
distinct reservoir management operation periods implemented 
at the Jemez Canyon Dam: (1) predam (pre-1953), (2) a 
seasonal 24-hour hold pool (1953–79), (3) a permanent pool 
(1979–2001), and (4) dry reservoir (2001–18).

Results of this study indicate successful flood control and 
reduction in peak instantaneous streamflow events following 
construction of the dam, specifically documented in 1958 and 
2013. During the second water management operation period, 
moderate sediment retention (also defined as trap efficiency, 
which is the percentage of incoming sediments trapped within 
a reservoir during a given time) occurred (between 41.0 and 
67.0 percent of sediments were retained). During the third 
period (1979–2001), between 61.2 and 99.8 percent of sedi-
ments were retained. During the fourth period (2001–18), at 
least 1,909 acre-feet of accumulated sediment were remo-
bilized. The estimated dam trap efficiency during the fourth 
water management operation period was −37.2 percent, 
indicating that more sediments were being removed from the 
Jemez Canyon Reservoir than were being deposited. These 
remobilized sediments supplemented the natural sediment 
delivery in the Jemez River to the middle Rio Grande. The 
current (2022) dry reservoir operation allows sediment deliv-
ery during periods when flooding is not a concern while still 
providing flood control when needed.

Suspended-sediment particle size data indicate potential 
coarsening of suspended sediments during the fourth water 
management operation period, likely resulting from erosion of 
coarse bed sediments deposited in the reservoir. Suspended-
sediment particle size data during the first and fourth water 
management operation periods indicate that finer sediment 
mobilized during monsoon season than during snowmelt. 
Also, suspended-sediment concentrations during the predam 
and post-hold pool periods indicate concentrations were higher 
during monsoon season than during snowmelt. Seasonal 
variations in suspended-sediment concentration and particle 
size may help dam managers make operational decisions by 
increasing the understanding of particle size, concentration, 
and variation of suspended sediment during a given year. The 
seasonality of suspended-sediment transport can also vary, 
depending not only on concentration and particle size, but on 
precipitation. The maximum annual suspended-sediment loads 
occurred during all three seasonal categories analyzed in this 
study: snowmelt, monsoon, and the remainder of the year. This 
indicates that, in addition to sediment particle size and concen-
tration, understanding the variability of transport mechanisms 
of suspended-sediment load can also guide optimal water 
management operations at a dam.

Introduction
The U.S. Army Corps of Engineers (USACE) operates 

and maintains 704 dams for project-specific, congressionally 
authorized purposes, such as flood and sediment control, 
recreation, fish and wildlife conservation, water supply, and 
water-quality control (USACE, 2020). On the Rio Grande and 
its tributaries in New Mexico, the USACE operates four dams: 
Abiquiu, Cochiti, Galisteo, and Jemez Canyon (fig. 1), autho-
rized under the Flood Control and Allied Purposes document 
(House Document No. 243, 81st Congress, 1st Session) for 
flood and sediment control.

The construction of dams provides flood control and 
improved navigation and allows for accumulation of quanti-
ties of water that can be relied on for drinking water, large-
scale irrigation, and generation of hydroelectricity (Smith, 
1971; Schnitter, 1994). However, dams also affect the natural 
flow regime (Poff and others, 1997; Lytle and Poff, 2004), 
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Jemez River watershed
EXPLANATION

Note: Middle Rio Grande, as defined in this report, 
is from Cochiti Dam in the north to Elephant
Butte Dam in the south.

110° 108° 106° 104°

34°

36°

ARIZONA

TEXAS

UTAH

MEXICO

COLORADO

NEW MEXICO
Grande

Rio

Jemez
River

Rio
Cham

a

Bernalillo

Albuquerque

Angostura
COCHITI DAM

GALISTEO DAM

ELEPHANT 
BUTTE
DAM

JEMEZ 
CANYON 

DAM

ABIQUIU DAMJemez Mountains
Jemez volcanic 

complex

Jemez volcanic lineament

Ri
o 

G
ra

nd
e 

ri
ft

0 25 50 MILES

0 25 50 KILOMETERS

Base modified from U.S. Geological Survey digital data
Map image is the intellectual property of Esri and is used herein under 
license. Copyright 2020 Esri and its licensors. All rights reserved
Universal Transverse Mercator projection, zone 13
North American Datum of 1983

A

Galisteo Creek

COLORADO

MEXICO
TEXAS

UTAH

A
R

IZ
O

N
A

NEW MEXICO

Map
area

Figure 1. The Jemez River watershed northwest of Albuquerque, New Mexico. A. Terrain map of the State of New Mexico showing 
the location of the Jemez River watershed and major dams on the Rio Grande and its tributaries. B. Surface geologic map of the 
Jemez River watershed and the Jemez, Zia, and Santa Ana Pueblos. C. Aerial imagery of the Jemez Canyon Dam, and the locations 
of U.S. Geological Survey gages: Jemez Canyon Reservoir near Bernalillo (08328500), Jemez River outlet below Jemez Canyon Dam 
(08328950), and Jemez River below Jemez Canyon Dam (08329000).
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downstream sediment fluxes (Meade and Parker, 1985; 
Richard and Julien, 2003; Vörösmarty and others, 2003; 
Walling and Fang, 2003; Owens and others, 2005), and riv-
erine and riparian ecosystems (Newcombe and MacDonald, 
1991; Kondolf, 1997; Owens and others, 2005; Goode and 
others, 2012). Needing to respond to and support multiple 
objectives in recent decades, water managers have begun to 
modify dam operations to restore peak streamflow, increase 
sediment delivery, and restore altered ecosystem processes 
(Ligon and others, 1995; Stanford and others, 1996; Poff and 
others, 1997; Schmidt and others, 1998; Vörösmarty and 
others, 2003; Bednarek and Hart, 2005). These modifications 
can support downstream ecosystem values, such as fish and 
wildlife habitat, and more natural downstream flows while 
maintaining the authorized purposes of the dam (Kondolf  
and others, 2014; Wohl and others, 2015; Schleiss and  
others, 2016).

Most reservoirs have a limited lifespan because of 
decreased reservoir volume with time due to sedimentation. 
Transport of sediment through or around dams helps to main-
tain reservoir volume and can improve degraded ecological 
conditions downstream by providing sediment to downstream 
reaches (Konrad and others, 2011; Kondolf and others, 2014). 
Reducing sedimentation extends the lifespan of a reservoir 
while maintaining flood-control capacity and dam safety 
(Randle and others, 2019). One technique to transport sedi-
ment through dams is drawdown routing, or sluicing, which 
allows high flows to pass through the dam with their sediment 
load intact by lowering the reservoir pool during sediment-
laden flood periods (Kondolf and others, 2014). Building upon 
this concept, dry reservoirs are operated without a permanent 
pool, but are operated to trap flood waters for short periods of 
time during the peak of extreme flood events, thus allowing 
water and sediment to pass freely when flooding is no longer 
a concern (Sumi, 2010). The Jemez Canyon Dam in New 
Mexico is currently operated as a dry reservoir.

Construction and historical operations of Jemez Canyon 
Dam and other dams on the middle Rio Grande and its tribu-
taries, along with channelization and climatic changes, have 
resulted in narrowing and incision of the middle Rio Grande 
between Cochiti Dam and the city of Albuquerque (Ortiz, 
2004; Massong, 2005; Richard and others, 2005; Swanson  
and others, 2011; Makar and AuBuchon, 2012). This sec-
tion of the middle Rio Grande (the middle Rio Grande, for 
purposes of this report, is defined as the section of the Rio 
Grande from Cochiti Dam in the north to Elephant Butte 
Dam, operated by the Bureau of Reclamation, in the south), 
like many other rivers downstream from dams, has become 
sediment limited (Williams and Wolman, 1984; Booth, 1990; 
Chin and Gregory, 2001). The result is decreased floodplain 
connectivity, increased morphological similarity, coarsened 
bed sediments, and narrowed channels (Kondolf, 1997; Makar 
and AuBuchon, 2012). These morphological changes in the 
middle Rio Grande adversely affect habitat in the riparian 
zone for various flora and fauna, among which five species are 
federally listed as endangered (U.S. Fish and Wildlife Service, 

2022): the New Mexican meadow jumping mouse (Zapus 
hudsonius luteus), Rio Grande silvery minnow (Hybognathus 
amarus), western yellow-billed cuckoo (Coccyzus americanus 
occidentalis), and Southwestern willow flycatcher (Empidonax 
traillii extimus). The U.S. Geological Survey (USGS), in 
cooperation with the USACE, undertook a study to examine 
suspended-sediment transport during various dam operations 
and the interannual variation of suspended-sediment loads, 
suspended-sediment concentrations, and suspended-sediment 
particle sizes. Characterization of sediment accumulation and 
transport in response to changing management strategies, 
including the efficacy of dry reservoir operation, can inform 
dam management at the Jemez Canyon Dam and other dams 
in the arid southwest regarding flood control, extending dam 
lifespan, and ecological considerations.

Purpose and Scope

The purpose of this report is to document historical sedi-
ment loads from the Jemez River to the middle Rio Grande in 
response to four water management operation periods from 
1948 to 2018. Interpretation of sediment data and synthesis of 
previous literature will provide insight into the effect of chang-
ing sediment loads through time on sedimentation at the Jemez 
Canyon Dam and delivery of suspended sediment from the 
Jemez River to the middle Rio Grande. Bedload transport in 
the Jemez River, impacts of sediment delivery from the Jemez 
River on geomorphic processes in the middle Rio Grande, and 
similar analyses are not within the scope of this project.

Description of Study Area

Geology
The Jemez River watershed is in north-central New 

Mexico (fig. 1) at the intersection of the Rio Grande rift and 
the Jemez volcanic complex and lineament (Goff, 2009). The 
watershed area is approximately 1,900 square miles (Abeyta 
and Delaney, 1990) and reaches an elevation of over 11,500 
feet. The Jemez River has many tributaries and is itself a 
major tributary to the Rio Grande in the middle valley, as 
defined in this study (fig. 1). The Rio Grande Valley extends 
from southern Colorado into Texas, traversing the entire State 
of New Mexico from north to south (Lagasse, 1980; fig. 1). 
The valley evolved from a series of basins created by rift-
ing of the crust (Lagasse, 1980) that began approximately 27 
million years ago in the central portion of the Rio Grande rift 
(Baldridge and others, 1980), followed by production of the 
Jemez volcanic complex of Tertiary to Quaternary age (Bailey 
and others, 1969).

Uplift, erosion, and deposition have exposed several rock 
units in the Jemez Mountains that vary both lithologically and 
spatially (fig. 1). Several Paleozoic and Mesozoic sedimen-
tary bedrock units are exposed in the western portion of the 
Jemez River watershed (Osburn and others, 2002; Kelley and 
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others, 2003, 2004; Kempter and others, 2003; Goff and oth-
ers, 2006). Quaternary alluvial deposits are also present in the 
watershed (Osburn and others, 2002; Kelley and others, 2003, 
2004; Kempter and others, 2003; Goff and others, 2006). 
Alluvium, weakly cemented sandstone, and fine-grained 
sedimentary rocks, such as mudstone or shale, are prone to 
weathering and erosion (Bierman and Montgomery, 2014), 
which may contribute to the quantity of sediment delivered 
through the watershed.

Hydrology

Jemez River Watershed
Precipitation in the Jemez River watershed occurs mainly 

in two forms: winter snow that typically accumulates from 
November through March, and rain from short-duration, 
high-intensity afternoon convective thunderstorms associ-
ated with monsoon season and which typically occur during 
July–September (Bowen, 1996; Sheppard and others, 2002). 
The flashy nature of streamflow in the Jemez River during 
June–October (USGS, 2019a) is, however, better categorized 
as monsoonal in nature; therefore, the monsoon season will be 
considered as June–October for purposes of this study. Late 
spring and early summer generally represent a dry period of 
low precipitation.

Annual precipitation in the Jemez River watershed var-
ies greatly with location; average annual precipitation at the 
Jemez Canyon Dam is 8.36 inches (Western Regional Climate 
Center, 2019), while average annual precipitation in the upper 
alpine region near the Valles Caldera is 18.7 inches (Bowen, 
1996). The El Niño-Southern Oscillation is a major driver 
of variability in total annual precipitation in the watershed, 
affecting streamflows, vegetation growth, and wildfires (Allen, 
2004). The volume and spatial-temporal flux of precipitation 
and streamflow in the watershed are important drivers of the 
quantity and timing of sediment delivered from the Jemez 
River watershed to the middle Rio Grande.

The Jemez River is approximately 60 miles long (Harper 
and others, 1943). The headwaters initiate in the Valles 
Caldera in the Jemez Mountains as a low gradient stream flow-
ing through grassy meadows prior to flowing through pool-
riffle reaches in numerous steep canyons (Simino, 2002; New 
Mexico Environment Department, 2006, 2009). Snowmelt and 
groundwater contribute to the perennial streams in the upper 
reaches of the Jemez River (Liu and others, 2008). At the mid-
dle of the watershed, the Jemez River transitions to a wider, 
lower gradient stream (New Mexico Environment Department, 
2009). At its terminus, the Jemez River is an ephemeral 
channel with flows largely limited to periods of snowmelt or 
intense thunderstorm-derived streamflow. Although episodic, 
streamflow from the ephemeral arroyos in this area of the 
Jemez River can result in large, channel-altering floods. The 
Jemez River at the location of the Jemez Canyon Dam has 
little to no base flow for much of the year because of upstream 
irrigation diversions, evapotranspiration, and infiltration. 

Spring snowmelt originating in the watershed upstream from 
the Jemez Canyon Dam can compose more than 65 percent 
of the annual streamflow below the dam (fig. 2). Interannual 
streamflow can also be highly variable, depending on the 
quantity of snowpack, dissipating tropical storms, and mon-
soons in the watershed (fig. 3). For example, in years with low 
spring snowmelt, monsoonal storms can compose most of the 
annual streamflow.

Diverted flows from the Jemez River are used as flood 
irrigation to crops in the watershed. Recent estimations of irri-
gation diversions are currently cited as 1,890 acre-ft upstream 
from the Jemez Canyon Dam (New Mexico Office of the State 
Engineer, 2019).

Middle Rio Grande
Prior to dam construction, the middle Rio Grande was a 

natural river system prone to frequent aggradation, sedimenta-
tion, and lateral migration causing flooding (USACE, 2013), 
which resulted in the collapse of agriculture and structural 
damage along the river (Scurlock, 1998). Annual streamflow 
in the middle Rio Grande is dominated by contributions from 
perennial tributaries upstream from Cochiti Dam, with lesser 
contributions from ephemeral streams following heavy snow-
melt or intense rainfall (Dahm and others, 2002; Moore and 
Anderholm, 2002). Although the contribution of surface water 
from these ephemeral streams is infrequent and minimal, they 
contribute large quantities of bedload and suspended sediment 
to the Rio Grande (Rittenhouse, 1944; Brown, 1945; Happ, 
1948; Nordin and Beverage, 1965; Lagasse, 1981; Graf, 1994; 
Healy, 1997; Moore and Anderholm, 2002).

Sediment Transport
In arid and semiarid watersheds, the primary drivers 

of suspended-sediment transport are often short-duration, 
high-intensity rainfall events (Wolman and Miller, 1960; 
Sharma and Murthy, 1994; Billi, 2011), and, to a lesser extent 
and where present, snowmelt (Theuring and others, 2013). 
Additionally, considerable interannual, decadal, or longer 
term variability may exist because of disturbances such as 
land use, climate variability, or geologic processes (Antevs, 
1952; Schumm and Hadley, 1957; Emmett, 1974; Graf, 1983; 
Waters and Haynes, 2001; Gellis and others, 2017). These 
natural sources of variability can limit the ability to accurately 
define baseline conditions, emphasizing the need to collect 
frequent and long-term measurements to study fluctuations 
in suspended-sediment loads (Osterkamp and others, 2004; 
Achite and Ouillon, 2007).

Sediment Transport in the Jemez River
Streambeds in the headwaters of the Jemez River are 

composed predominantly of cobbles, gravel, and coarse sand. 
Field observation indicates that suspended-sediment con-
centrations in the headwater reaches are less than those in 
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the lower reaches, where streambeds consist predominantly 
of coarse to fine sands. The downstream reach has a number 
of ephemeral arroyos that may contribute large quantities of 
coarse to fine sands to the Jemez River during episodic, plu-
vial flow events. The Jemez River in turn largely functions in 
a manner similar to these ephemeral channels as a tributary to 
the Rio Grande, episodically contributing sediment.

The Jemez River watershed is dynamic and has varied 
over geologic time through uplift, volcanism, weathering, and 
the cycle of arroyo formation. Changes in the Jemez River 
watershed prior to construction of the Jemez Canyon Dam due 
to natural and anthropogenic forcings such as arroyo forma-
tion, land use, failure of sediment retention structures, and 
climate change (Friedman and others, 2015; Gellis and others, 
2017) are potential causes of change in sediment transport 
near the Jemez Canyon Dam.

Data from the Jemez River watershed prior to completion 
of the Jemez Canyon Dam are limited, but journal entries from 
early explorers and settlers provide useful information describ-
ing the Jemez River, in the lower reaches near the present-day 
Jemez Canyon Dam, as being wide, sandy, and prone to trans-
port of large volumes of sediments and floods. Juan Augustin 

Morfi, a Spanish friar, as quoted in Scurlock (1998), described 
land along the Jemez River near Santa Ana Pueblo in 1782 
as “arable lands nonproductive due to periodic floods which 
deposited sands in the fields.” Lieutenant James William Abert 
documented similar findings in the Jemez River valley below 
Santa Ana Pueblo in 1846, quoted in Scurlock (1998) as being 
“very sandy; the bed of the stream three-quarters of a mile in 
width, contains, in many places, no water.”

Changes in the transport of suspended sediments and the 
incision of arroyos were widespread in the arid southwestern 
United States in the late 19th and early 20th centuries (Cooke 
and Reeves, 1976); these changes also affected tributaries 
to the middle Rio Grande, such as the Rio Puerco. Yet more 
recently (1936–2007), suspended-sediment concentrations 
and loads in the Rio Puerco have decreased (Gellis and others, 
2017). A combination of factors, both natural and anthro-
pogenic, likely led to changes in streamflow and sediment 
transport in the Jemez watershed during the period of the 
study. Subsequently, by 1950 when construction of the Jemez 
Canyon Dam began, sediment delivery from the Jemez River 
watershed may have already been in flux because of regional 
changes in the watershed.
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Sediment Transport in the Middle Rio Grande
The most significant influences on morphology of the 

middle Rio Grande channel below Cochiti Dam are sediment 
contributions from tributaries and arroyos such as the Jemez 
River (Lagasse, 1980). Prior to the construction of Cochiti 
Dam in 1973, the Rio Grande was described as braided with 
coarse gravel and cobble islands above the confluence with 
the Jemez River and as a sandy streambed below the conflu-
ence (Nordin and Beverage, 1965). The effects of Jemez River 
sediments were not localized to the confluence with the middle 
Rio Grande; sand-sized sediments from the Jemez River 
constituted 21–39 percent of the sands deposited in the middle 
Rio Grande from Albuquerque to Bernardo (Rittenhouse, 

1944). Predam annual sediment production from the Jemez 
River watershed was estimated at 3,469 tons per square mile 
(Brown, 1945).

Following the closure and initial operation of Cochiti 
Dam in 1973 and retention of previously transported sedi-
ment within the reservoir, the section of the Rio Grande from 
Cochiti Dam to Albuquerque decreased in width and incised 
with an increased coarsening of bed material throughout 
this reach (Lagasse, 1980; Graf, 1994; Porter and Massong, 
2004). Additionally, channel incision has been exacerbated 
by channel narrowing and installation of jetty fields (Makar 
and AuBuchon, 2012). The observed morphological changes 
have resulted in decreased habitat availability and diversity for 
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several endangered species. Periodic influx of sediments from 
the Jemez River and numerous ungaged ephemeral arroyos in 
the region, however, contribute to existing alluvial deposits 
in the Rio Grande in this section. These deposits are founda-
tional for increasing riparian habitat critical to various flora 
and fauna.

Construction of the Jemez Canyon Dam
In 1950, Congress approved the Middle Rio Grande 

Project that initiated major engineering projects on the 
middle Rio Grande to reduce flooding and sediment deposi-
tion (Water Control Manual, USACE, written commun., 
1994). The Jemez Canyon Dam was constructed as part of the 
Middle Rio Grande Project. The Jemez Canyon Dam is an 
earthen dam 870 feet long and 150 feet tall at its crest and is 
located approximately 3 miles upstream from the confluence 
of the Jemez River with the Rio Grande near Angostura, New 
Mexico (fig. 1). The dam was completed in 1953 and was con-
structed for the sole purpose of flood and sediment control.

Dam Management Periods
Operation of the Jemez Canyon Dam has changed in 

response to changes in management goals. For this study, these 
management goals are represented by four water management 

operation periods: period 1 (predam), period 2 (24-hour hold 
pool), period 3 (permanent pool), and period 4 (dry reservoir) 
(table 1).

Water Management Operation Period 1—Predam
Period 1 (predam) is the period prior to the comple-

tion of the dam in 1953 (fig. 4, period 1). Early reports by 
Spanish explorers described the Jemez River prior to con-
temporary data collection efforts. As quoted in Scurlock 
(1998), Spanish explorer Antonio de Espejo described the 
Jemez River in 1583 as “a fine river with a good volume of 
water.” Quoted in the same paper was Francisco Atanasio 
Dominguez, a Spanish friar, who recorded in 1776 that the 
Jemez River was “too erratic to reliably produce crops.” 
Scurlock (1998) also described high snowmelt runoff and 
spring rains in the Jemez River in 1941 causing flooding in the 
Rio Grande which damaged bridges, dams, phone lines, and 
railroad tracks.

Throughout the predam period, the Jemez River lacked 
any large, engineered dams or diversions, although there were 
small-scale irrigation diversions and check dams upstream, 
particularly in the Jemez and Zia Pueblos (fig. 1). During 
period 1, the Jemez River near the Zia Pueblo and Santa Ana 
Pueblo was documented as a wide sand channel prone to peri-
odic flooding (Scurlock, 1998).

Table 1. Water management operation periods for the Jemez Canyon Dam from the period prior to dam construction through 2018.

[NA, not applicable; SJ-C, San Juan-Chama. The 24-hour hold pool was operated with the intent of evacuating flood waters retained behind the dam within 
24 hours of retention at the safe channel capacity downstream in the Rio Grande. Data are from U.S. Army Corps of Engineers and New Mexico Interstate 
Stream Commission (1986) and U.S. Army Corps of Engineers (2001, 2013)]

Water management  
operation period Years

Reservoir operational 
volume

Management goal Available data
Number Name

1 Predam Prior to 
1953

NA NA Historical accounts, aerial photos, 
suspended-sediment loads and par-
ticle sizes.

2 24-hour hold 
pool

1953–79 Varied: reservoir to be 
evacuated within 
24 hours

Flood control and 
sediment reduction

Aerial photos, reservoir cross sections 
(1975), suspended-sediment loads.

3 Permanent pool 1979–85 2,000 acre-feet (SJ-C  
water) and bypass 
inflow to the safe chan-
nel capacity in the Rio 
Grande

Flood control, water 
storage, and sedi-
ment reduction

Aerial photos, reservoir cross sections 
(1983), suspended-sediment loads.

1985–2001 20,000 acre-feet (SJ-C  
water) and bypass 
inflow to the safe chan-
nel capacity in the Rio 
Grande

Flood control, water 
storage, and sedi-
ment reduction

Aerial photos, reservoir cross sections 
(1983, 1991, 1998), suspended-
sediment loads.

4 Dry reservoir 2001–18 Bypass inflow to the safe 
channel capacity in the 
Rio Grande

Flood control and 
sediment  
management

Aerial photos, reservoir cross sections 
(2009, 2018), downstream cross sec-
tions, suspended-sediment loads and 
particle sizes.
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Water Management Operation Period 2—Seasonal 
(24-Hour) Hold Pool

During Period 2, a 24-hour hold pool was operated from 
1953 to 1979 (Water Control Manual, USACE, written com-
mun., 1994) (fig. 4). This management strategy reduced flood-
ing and sedimentation in the middle Rio Grande by capturing 
storm and snowmelt runoff from the Jemez River and releas-
ing flood waters gradually within a safe downstream channel 
capacity. Downstream middle Rio Grande flood peaks were 
decreased during this period compared to times of unman-
aged flow, but the trap efficiency (the percentage of incoming 
sediments trapped within a reservoir during a given time) of 
the Jemez Canyon Dam was limited because of the short hold 
period (table 2). The Jemez River continued to transport as 

much as 60 percent of its annual sediment load through the 
dam into the middle Rio Grande (Lagasse, 1981). The subse-
quent operation strategy established and maintained a perma-
nent pool to increase sediment trap efficiency.

Water Management Operation Period 3—Permanent Hold 
Pool

To improve the dam’s sediment trapping efficiency, 
in 1979 the New Mexico Interstate Stream Commission 
(NMISC) and the USACE agreed to establish a 2,000-acre-
ft permanent pool, or sediment retention pool, using water 
from the San Juan-Chama Project (Bureau of Reclamation, 
undated), an interbasin water transfer project managed by 
the Bureau of Reclamation. Hereinafter, this water is referred 
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Table 2. Sediment reservoir survey information for the Jemez Canyon Reservoir, 1953–2016.

[Data are from the U.S. Army Corps of Engineers (AuBuchon, 2020)]

Water management  
operation period

Year
Reservoir sediment volume  

(acre-feet)
Estimated sediment trap  

efficiency  
(percent)Incremental Cumulative

1 1953 0 0 0
2 1958 1,392 1,392 65.6

1959 1,947 3,339 56.9
1966 1,065 4,404 41.0
1975 6,709 11,113 67.0

3 1983 3,388 14,501 61.2
1991 2,227 16,728 99.8
1998 3,060 19,788 99.7

4 2016 −1,909 17,879 −37.2
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to as San Juan-Chama water. To further improve sediment 
retention, the USACE and NMISC increased the authorized 
pool to as much as 29,712 acre-ft, under a Memorandum of 
Understanding to store San Juan-Chama water within the 
remaining sediment storage space (USACE and NMISC, 
1986; Water Control Manual, USACE, written commun., 
1994). A continuous pool of water was maintained behind the 
dam to increase trapping efficiency by allowing time for sus-
pended sediment to settle out of the retained water (fig. 4).

Water Management Operation Period 4—Dry Reservoir
The USACE-NMISC storage agreement, as written 

in the original Memorandum of Understanding, expired on 
December 31, 2000. The NMISC decided not to extend the 
agreement for the permanent pool storage, citing several 
reasons for this decision: significantly increased demands on 
available San Juan-Chama water in the region which increased 
the cost of leasing San Juan-Chama water, loss of water due to 
evaporation, and the desire for increased sediment loading to 
the middle Rio Grande (USACE, 2001). Since October 2001, 
the Jemez Canyon Dam has been operated without a sediment 
retention pool, and the outlet gates remain partially open to 
facilitate passage of suspended and bed sediments through the 
outlet works (USACE, 2013).

Period 4 represents the current (2022) operation of the 
dam as a dry reservoir (fig. 4). In October 2001, maintenance 
of the permanent hold pool was discontinued. Operations were 
limited to the bypass of inflow at the safe downstream chan-
nel capacity by leaving the dam gates partially open. Current 
operations allow suspended sediment and bed material to pass 
through the dam into the downstream reaches of the Jemez 
River and into the Rio Grande (USACE, 2013) while still con-
trolling floods as needed. Except for during one flood in 2013, 
no large quantity of water has been impounded for extended 
periods of time behind the Jemez Canyon Dam during the 
fourth water management operation period.

Methods of Investigation
The data used in this report are from sources span-

ning approximately 80 years and were collected to quantify 
streamflow and sediment transport in the Jemez River near the 
Jemez Canyon Dam. The information considered in this study 
includes historical accounts of the Jemez River watershed as 
reported in Scurlock (1998), aerial imagery, historical reser-
voir capacity changes calculated from reservoir surveys, and 
surface-water and sediment gage data. While the data consid-
ered in this report are not exhaustive, every effort was made to 
acquire all applicable data available.

Aerial Imagery

Aerial imagery in the vicinity of the Jemez Canyon Dam 
has been collected since the 1940s by various agencies, for 
various purposes. Although multiple sets of aerial imagery 
allow both qualitative (side-by-side visual) and quantita-
tive (photogrammetric) comparisons between different time 
periods, aerial imagery comparisons in this study are limited 
to qualitative observations. All images were downloaded from 
the USGS Earth Explorer website (USGS, 2019b). Four time 
periods were selected for this study based on the quality of 
imagery within the years of interest. Suitable images were 
compiled into one orthoimage for each selected year by using 
Agisoft PhotoScan (Agisoft, 2018). For each time period 
analyzed, the width and morphology of the stream channel 
were noted both upstream and downstream of the dam loca-
tion. Presence of vegetation and sediment accumulation were 
also noted. Finally, the degree of response of the Rio Grande 
at the location of the confluence between the two rivers was 
evaluated. These visual comparisons were made between time 
periods to infer changes in sediment transport at the Jemez 
Canyon Dam.

Reservoir Sediment Volume and Trap Efficiency

Reservoir capacity tables were calculated on comple-
tion of dam construction in 1953 to determine the reservoir 
area and effective storage capacity of the reservoir at a given 
elevation of water (USACE, 2018). Periodic reservoir capacity 
reviews were conducted by surveying the reservoir area and 
comparing it to the initial reservoir area to determine the mass 
of sediment accumulation (table 2). Pool height and reservoir 
bed elevation data collection at the dam and reservoir began 
on October 19, 1953. Determination of the reservoir sediment 
volume retained at the Jemez Canyon Dam, as well as the 
trap efficiency of the dam, was calculated and updated by the 
USACE in 2020 (AuBuchon, 2020). The volume of sediment 
retained behind the dam is useful to quantify the volume of 
sediment that did not reach the Rio Grande, which can affect 
channel morphology in the Rio Grande. Incremental sediment 
volumes were compared between management operation peri-
ods to determine the effect of dam management changes.

Estimated sediment trap efficiency is a common metric 
to describe the ratio of the amount of sediment deposited in 
the reservoir to the amount of sediment entering the reservoir. 
Sediment trap efficiency percentages can guide dam opera-
tions to maximize reservoir management goals and determine 
the useful life of a reservoir (Lewis and others, 2013). Trap 
efficiencies documented under the three water management 
operation periods can help guide future operational strategies 
at the Jemez Canyon Dam and other dams of similar design 
as management goals shift with changing environmental and 
operational needs.
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Surface-Water and Sediment Data

Surface-water data included in this report were previ-
ously collected and processed by USGS personnel following 
techniques and methods described by Rantz and others (1982) 
and were retrieved from the National Water Information 
System (USGS, 2019a). Surface-water data were collected 
from two USGS gages: Jemez River below Jemez Canyon 
Dam (station number 08329000) and Jemez River outlet below 
Jemez Canyon Dam (station number 08328950, fig. 1C). The 
Jemez River below Jemez Canyon Dam streamgage is located 
0.7 mile below the outlet works of the dam and was in opera-
tion from 1936 to 2009. The Jemez River outlet below Jemez 
Canyon Dam streamgage is located immediately within the 
downstream outlet of the Jemez Canyon Dam and has been 
in operation since 2009. The downstream gage (08329000) 
was relocated to the current location (08328950) when radar 
technology that allowed for collection of noncontact stage data 
within the outlet became available. This new location provided 
a more stable channel geometry than the downstream loca-
tion, which routinely experienced severe local aggradation and 
degradation of bed sediments and required frequent modifica-
tions to the stage-discharge rating. Because of the proximity 
of the two gages and lack of any sizeable surface-water inflow 
between the two locations, it is assumed that the measured 
streamflow at each gage location is equivalent.

Mean monthly streamflow was plotted for 2002 through 
2017 to evaluate recent seasonal variation in streamflow in 
the Jemez River for three categories: snowmelt, monsoon, and 
other (fig. 2). Annual mean streamflows and instantaneous 
peak streamflows were also plotted for 1944 through 2018 to 
evaluate long-term trends in streamflow for the Jemez River 
watershed (fig. 3).

Suspended-sediment concentration and load were derived 
from the USGS sediment gage located at the downstream 
Jemez River below Jemez Canyon Dam site (USGS, 2019a) 
and from Graf (1994). The Jemez River below Jemez Canyon 
Dam site was intermittently operated as a sediment gage 
between 1955 and 2020. Sediment load computations were 
derived following methods described in Porterfield (1972), 
using sediment sampling techniques and methods described in 
Edwards and Glysson (1999).

Sediment data collected during periods 1 (predam), 3 
(permanent pool), and 4 (dry reservoir) do not include bed-
load. Therefore, although bedload is an important component 
of sedimentation in the Jemez Canyon Reservoir, this topic 
will not be addressed herein. Sediment data available during 
period 1 (predam) include suspended-sediment concentration, 
suspended-sediment load, and suspended-sediment particle 
size. Sediment particle size data are used to determine sedi-
ment consolidation rates and bulk density of reservoir sedi-
ments (Morris and others, 2008) and to calculate sediment 
transport (Parker, 1990; Wilcock and Crowe, 2003; Wu, 2004), 
which can inform operations of a dry reservoir to optimize 

management goals. Sediment particle size data are analyzed 
based on gradation categories of interest. For the Jemez River 
and Jemez Canyon Dam, sediment particle size analysis 
limited to the sand fraction and fines fraction (given in units of 
percent finer than the sand fraction, 0.0625 millimeter [mm]) 
is appropriate because these are the predominant sediment 
sizes transported at this location.

Graf (1994) analyzed transport and deposition of 
sediment in the Rio Grande within the context of plutonium 
transport from Los Alamos National Laboratory. Annual 
suspended-sediment loads from the Jemez River below Jemez 
Dam cited in this report are composed of data from both 
Graf (1994) and USGS (2019a). At the request of USACE in 
2014, daily and event-based USGS sediment sampling began, 
including daily mean and annual suspended-sediment load cal-
culation at the streamgage below the Jemez Canyon Dam, and 
is ongoing. Sediment data available during 2014–18 include 
all data types collected in the sampling campaign from the 
1950s. The physical data collected during period 1 (predam) 
provides a baseline of natural sediment transport prior to 
construction of the Jemez Canyon Dam that can be compared 
with sediment transport during periods 2–4. The data collected 
during the current dry reservoir operation (period 4) also 
represent conditions that are generally unaffected by the Jemez 
Canyon Dam. These data largely represent the current natural 
sediment transport from the Jemez River watershed, with the 
addition of sediments stored in the reservoir pool that may be 
mobilized by fluvial geomorphic processes within the depos-
ited sediments.

Statistical analyses of suspended sediment data were used 
to compare concentration and particle size during snowmelt, 
monsoon, and “other” seasons of a year. These data were 
also used to compare concentration and particle size before 
construction of the dam to concentration and particle size dur-
ing current water management operation (dry reservoir). Total 
annual suspended-sediment load in short tons was also plotted 
by season to analyze seasonal transport of suspended sediment 
for early (1956–58) dam operations and current (2015–18) 
dam operations. Cumulative annual suspended-sediment 
load and cumulative annual streamflow were used to create a 
double mass curve for analysis of changes in streamflow or 
suspended-sediment load over time.

Results
Each type of data used in this report is discussed by 

management operation period. Because this paper is a synthe-
sis of available historical data, data types for a given opera-
tion period may, but do not always, include aerial imagery, 
reservoir capacity tables, and surface-water and sediment 
gage data.
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Aerial Imagery Analyses

Qualitative observations of changes based on aerial imag-
ery of the Jemez Canyon Dam and Jemez Canyon Reservoir 
area during the four management operation periods add 
physical context to this study. Imagery from 1949, correspond-
ing to water management operation period 1, shows the river 
upstream and downstream of the geologic constriction where 
the future Jemez Canyon Dam would be constructed in 1953. 

The numerous sand bars and braided channels upstream of the 
constriction indicate a wide, shifting, transport-limited, sand 
channel consistent with Lieutenant Abert’s description from 
1846 (Scurlock, 1998). Below the constriction, the Jemez 
River is bounded on the right and left sides by basalt-capped 
mesas (fig. 1B), within which the somewhat narrower but still 
braided channel filled much of the narrow canyon bottom. 
In figure 5, the confluence of the Jemez River with the Rio 
Grande is shown in aerial imagery from the same 4 years as 

BA

C D

JEMEZ RIVER

Rio Grande
N N

N N

Figure 5. Aerial images of the Jemez River delta at the confluence of the Jemez River and Rio 
Grande near Bernalillo, New Mexico: A, 1949; B, 1962; C, 1991; and D, 2014. Images modified from 
the U.S. Geological Survey (USGS) EarthExplorer website (USGS, 2019b). Images are at different 
scales.
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shown in figure 6. A large alluvial fan deposit of sediment 
exiting the mouth of the canyon downstream of Jemez Canyon 
Dam, as well as the bend in the Rio Grande away from the 
confluence of the Jemez River around the Jemez fan deposit, 
are visible in the 1949 aerial image (fig. 5A) showing the influ-
ence of sediment deposition from the Jemez River watershed 
on sediment input to and flow in the Rio Grande. Additionally, 
figure 5A shows a Rio Grande that is very braided in this sec-
tion in 1949 and becoming increasingly less braided over time 
(fig. 5B–C).

Aerial imagery for period 2 (24-hour pool) is best repre-
sented by photos taken in 1962 (figs. 5B and 6B). By 1962, the 
Jemez Canyon Dam had been operated as a periodic 24-hour 
hold pool for 9 years and had accumulated an appreciable 
amount of sediment within that short time (fig. 6B). The 
upstream channel appears to have incised within the broad 
valley floodplain, particularly as it approaches the location of 
the dam, as indicated by shadows in the active channel in the 
imagery. The channel is no longer braided and is now mean-
dering through sediment deposits within the reservoir with 
vegetation beginning to establish on sediments deposited in 
the upper reaches of the reservoir (fig. 6B). Channel narrow-
ing, potential incision, and channel meander are visible in 
the channel downstream from the dam (fig. 6B), extending 
downstream to the confluence of the Jemez River and the 
Rio Grande. The Jemez River alluvial fan at the confluence 
was still a major influence on the course of the Rio Grande 
(fig. 5B) at the time of this photograph.

Aerial imagery during period 3 (permanent pool) is 
represented by photos taken in 1991 (figs. 5C and 6C). At the 
time of these images, dam operation had changed to include 
a permanent hold pool of approximately 20,000 acre-ft. The 
1991 imagery of the Jemez River as it exits the Jemez Canyon 
shows the river to be more narrow and incised than in the 1949 
and 1962 imagery (fig. 5C).

Aerial imagery available for period 4 (dry reservoir) 
is best represented by the high resolution orthoimagery 
collected in 2014 (figs. 5D and 6D). In 2014 the Jemez 
Canyon Reservoir was dry and had been for approximately 
12 years, apart from a small flood pool held for 10 days in 
September 2013. During this management period, vegetation 
had become established on the reservoir sediments, and the 
active channel began to widen and erode sediments depos-
ited in the reservoir (fig. 6D). In the downstream reach of 
the Jemez River, vegetation had also become established in a 
narrow area near the active channel (fig. 5D). At the conflu-
ence of the Jemez River and the Rio Grande, the alluvial fan 
deposition of the Jemez River is seen to extend farther east-
ward into the channel of the Rio Grande. The active area of 
alluvial deposition visible in the 1949 imagery has, over time, 
become stabilized as indicated by established vegetation near 
the active channels, suggestive of a disconnected floodplain 
(Benjankar and others, 2011). The middle Rio Grande had also 
become more channelized as indicated by established vegeta-
tion in the river channel upstream of the Jemez River conflu-
ence. Also of note is the different colorations of water supplied 
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Figure 6. Aerial images of the Jemez Canyon Reservoir during A, 1949; B, 1962; C, 1991; and D, 2014. Images modified from the U.S. 
Geological Survey (USGS) EarthExplorer website (USGS, 2019b). Images are at different scales.
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by the Jemez River (tan) and the Rio Grande (bluish green), 
illustrating the potential for greatly different concentrations of 
suspended sediments (fig. 5D).

Reservoir Sediment Volume and Trap Efficiency 
Changes

Reservoir survey data (AuBuchon, 2020) indicate that 
sediment accumulation remained below 5,000 acre-ft from 
1953 to 1966 and then increased to more than 11,000 acre-ft 
over the 10-year period 1966–75 (fig. 7). Sediment trap effi-
ciency is the percentage of incoming sediments trapped within 
a reservoir during a given time (Brune, 1953). Sediment trap 
efficiencies during period 2 (24-hour pool) ranged from 41.0 
to 67.0 percent, meaning that 41–67 percent of the suspended 
sediment in waters retained by the dam were deposited in the 
reservoir (table 2).

Reservoir capacity reviews during period 3 (permanent 
pool) occurred in December 1983, June 1991, and June 1998, 
and volumetric sediment depositions of 3,388, 2,227, and 
3,060 acre-ft of sediment were calculated since the previous 
survey, respectively (table 2). The estimated sediment trap 
efficiency of the dam during this period ranges from 61.2 per-
cent in 1983 to 99.8 and 99.7 percent in 1991 and 1998, 
respectively. The drastic increase in estimated trap efficiency 
between the 1991 and 1998 surveys was the result of increas-
ing the reservoir pool from 2,000 to 20,000 acre-ft.

During period 4 (dry reservoir), reservoir capacity esti-
mates for 2016 reported a loss in the cumulative volume of 
sediment within the reservoir of 1,909 acre-ft. The net deficit 
in sediment storage in the reservoir during this period was 
caused by channel incision and widening within the stored 
sediments upstream from the dam (fig. 6D). In addition to 
increasing sediment delivery to the Rio Grande, the erosion of 
sediments previously stored in the reservoir during this period 
increased the storage capacity of the reservoir. The estimated 
trap efficiency of the dam during this period was determined 
to be −37.2 percent, representing a negative efficiency as sedi-
ments were being removed from behind the dam.

Surface-Water and Sediment Data Analyses

Surface-water and sediment data collected by the USGS 
in the vicinity of the study area during period 1 (predam) 
are limited to data likely collected to inform the design 
and build of the Jemez Canyon Dam. During 1944–52, the 
maximum peak streamflow at the Jemez River streamgage 
was 15,300 cubic feet per second (ft3/s) on October 10, 1944, 
and the minimum peak streamflow was 2,020 ft3/s on July 24, 
1949 (fig. 3). During period 4 (dry reservoir), between 2001 
and 2018 when the hydrology was unaffected by the upstream 
impoundment of streamflow, the maximum peak streamflow 
was 3,740 ft3/s on April 3, 2004, and the minimum peak 
streamflow was 268 ft3/s on September 17, 2009 (fig. 3). 
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Peak streamflows prior to the construction of the Jemez 
Canyon Dam were more varied and were more elevated than 
peak streamflows during period 4 (dry reservoir). Dry reser-
voir operation generally directly passes streamflow amounts 
similar to those from the predam period, but peak streamflows 
are reduced for flood-control purposes. To date (2022), reten-
tion for flood control has only occurred for one event in 2013 
(fig. 4). Mean annual streamflow was 56.2 ft3/s for the period 
of record (fig. 3); much of each year’s hydrograph is com-
posed of low or no flow.

Cumulative annual suspended-sediment loads were com-
pared to cumulative annual streamflow data (fig. 8). Changes 
in the slope of the lines in figure 8 correspond to changes in 
the relation between annual suspended-sediment load and 
annual streamflow. Slope changes at 1953, 1979, and 2015 
correspond to closure and initial operation of the dam (1953), 
changing the operation of the dam to include a permanent pool 
(1979–85), and changing the operation of the Jemez Canyon 
Dam to a dry reservoir (2015–18). Greater spacing between 
sequential data points indicates higher annual streamflow 
than in years when sequential data points are more closely 
spaced. Portions of the curve with a steeper positive 
slope represent periods when the annual suspended-
sediment load is greater for a given volume of 
streamflow than at other periods, corresponding to 
a lower trap efficiency. The slope during the dry reser-
voir period is less than the slope of the predam period 
(13.55 and 19.02, respectively). This difference may 
be due to changes in the watershed such as sediment 
reduction efforts or establishment of salt cedar in the 
floodplains, similar to what has been documented in 
the Rio Puerco (Gellis, 1992). It is also important to 
note that sediment load data are not available for the 
first 14 years (2001–14) after the beginning of the 
dry reservoir period. It is likely that large volumes 
of sediment were mobilized from the reservoir pool 
sediments during that time.

Analysis of suspended-sediment particle size 
data shows that suspended sediment was finer grained 
during the predam (1948–53) period than during 
the dry-dam (2016–18) management period (fig. 9). 
During the predam period, the mean suspended-
sediment particle size was 77 percent finer than 
0.0625 mm; during the dry-dam period, the mean 
suspended-sediment particle size was 61 percent finer 
than 0.0625 mm. A two-tailed Mann-Whitney test 
indicates that the datasets are significantly different, 
which signifies a coarsening of suspended sedi-
ments over time at the Jemez River below the Jemez 
Canyon Dam. At a significance level of p<0.05, the 
two datasets have a z-score of 2.248 with a p-value 
of 0.024.

Additionally, suspended-sediment particle size 
data were evaluated by season for predam and dry-
dam management operation periods to determine 
particle size for different flow regimes. During the 

predam period, suspended sediment during the monsoon sea-
son consisted of a mean of 92 percent fines; during snowmelt, 
suspended sediment consisted of a mean of 56 percent fines; 
and during the remainder of the year, suspended sediment con-
sisted of a mean of 81 percent fines (fig. 10). The dry reservoir 
period had too few data to construct boxplots by season, yet 
the limited data show a similar distribution within the seasonal 
categories as seen in the predam dataset (fig. 10). Both opera-
tion periods show a distinct difference between the particle 
sizes of the sediments transported during the monsoon and 
snowmelt seasons. Seasonal differences may be caused by the 
sustained flows in the snowmelt period exposing underlying 
sands, which are then suspended and transported downstream.

Suspended-sediment concentration shows a seasonal 
pattern by hydrologic regime in both the predam and dry 
reservoir water management operation periods (fig. 11). 
Predam suspended-sediment concentration data are limited to 
20, 11, and 26 samples for the monsoon, snowmelt, and other 
categories, respectively. Because these sample sets are small, 
a two tailed Mann-Whitney test was done to determine if the 
snowmelt and monsoon suspended-sediment concentration 
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sample sets are different. Statistical comparison shows the 
monsoon and snowmelt datasets are different. At a significance 
level of p<0.05, the two datasets have a z-score of 2.746 with 
a p-value of 0.006. Both management scenarios show the low-
est suspended-sediment concentration during snowmelt.

Some of the variation in the datasets collected in predam 
and dry reservoir periods may be attributed to changes in 
sampling techniques and methods since 1953. For example, 
the current operation of automated pumping samplers facili-
tates sample collection during short-duration storm events, 
whereas samples collected in the predam scenario would have 
been acquired by field personnel during scheduled site visits. 
These differences may account for the greater value range in 
the contemporary data.

Data for mean daily suspended-sediment load are 
expressed as total annual suspended-sediment load by sea-
son for the periods 1956–58 and 2015–18 (fig. 12). Because 
suspended-sediment load is a product of streamflow and 
suspended-sediment concentration, the annual suspended-
sediment load delivered from the Jemez River to the Rio 
Grande in any given year depends on the timing and volume 
of streamflow. During 1956 and 1957, most of the suspended-
sediment load was delivered during the monsoon season; 
during 2015, most of the suspended-sediment load was 
transported during the spring snowmelt. In 2016 and 2018, the 
largest suspended-sediment load was transported during the 
monsoon season.
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Discussion

Jemez Dam Water Management Operations to 
Achieve Multiple Objectives

The USACE operated the Jemez Canyon Dam under four 
general reservoir management strategies since construction of 
the dam in 1953. Each water management operation period 
had specific goals with respect to managing sediment supply 
and periodic floods in the middle Rio Grande.

Flood Control in the Middle Rio Grande
During water management operation period 1 (predam), 

flooding along the middle Rio Grande was common (Scurlock, 
1998). Since operations began in 1953, the Jemez Canyon 
Dam has been successfully operated to reduce flooding to the 
middle Rio Grande (fig. 3). One example of flood prevention 
occurred in the spring of 1958 (24-hour pool) when regional 
snowmelt posed an extended flood risk in the middle Rio 
Grande. The Jemez Canyon Dam retained snowmelt runoff 
from the Jemez River watershed for 3 months in 1958, with a 
reservoir storage of more than 70,000 acre-ft (fig. 4), thus pre-
venting potential flooding in the middle Rio Grande (Fischer 
and Borland, 1983). The Jemez Canyon Dam effectively 

eliminated potential flooding to the middle Rio Grande from 
the Jemez River during the permanent pool period because 
all flows during this period were regulated by scheduled dam 
releases (fig. 3).

During the dry reservoir period (operation period 4), the 
Jemez Canyon Dam continued to be used to reduce flooding 
when needed. On September 13, 2013 (fig. 4), record rainfall 
and flooding occurred across New Mexico, resulting in poten-
tial catastrophic flooding in the middle Rio Grande (Pinson 
and others, 2014). The gates at the Jemez Canyon Dam were 
adjusted to assist with flood prevention, and 2 days later, on 
September 15, 2013, the Jemez Canyon Dam held 3,500 acre-
ft of floodwaters (fig. 4). The reservoir was evacuated during 
September 15–24 at a rate of approximately 400 ft3/s to ease 
downstream flooding conditions (Pinson and others, 2014).

Streamflow data and documented flood-control opera-
tions confirm the effective function of the Jemez Canyon Dam 
in improving flood control for the middle Rio Grande. Flood 
control at the Jemez Canyon Dam has resulted in reduction of 
instantaneous peak streamflow magnitudes compared to pre-
dam values (fig. 3). Streamflow below the dam was limited to 
operational dam releases instead of natural streamflow during 
this period; peak streamflow during nonflood conditions was 
also reduced. Instantaneous peak streamflow below the Jemez 
Canyon Dam was limited to less than 5,000 ft3/s from 1959 to 
2018 (fig. 3).

0

100,000

200,000

300,000

400,000

500,000

600,000

700,000

800,000

1956 1957 1958 2015 2016 2017 2018

To
ta

l a
nn

ua
l s

us
pe

nd
ed

-s
ed

im
en

t l
oa

d,
 in

 s
ho

rt 
to

ns
 

Year

EXPLANATION

Snowmelt (Mar., Apr., May)

Monsoon (June, July, Aug., Sept., Oct.)
Other (Jan., Feb., Nov., Dec.)

Figure 12. Total annual suspended-sediment load measured at the U.S. Geological Survey 
streamgage Jemez River below Jemez Canyon Dam (08329000), by season, 1956–58 and 2015–18. 
Data from U.S. Geological Survey (2019a).



20  Suspended-Sediment Transport and Water Management, Jemez Canyon Dam, New Mexico, 1948–2018

Sediment Control in the Jemez River
Aerial imagery of the Jemez Canyon Reservoir during 

period 2 (24-hour pool) shows the sediments accumulat-
ing within the reservoir and vegetation beginning to grow 
on those sediments (fig. 6B). Repeat surveys also document 
the accumulation of sediments in the reservoir (table 2). 
Additionally, the Jemez River had begun incising within the 
reservoir sediments, including the creation of a meandering 
channel. This was a departure from the previous wide, braided 
channel. The imagery of the channel downstream from the 
dam during this period shows narrowing and potential channel 
incision of the Jemez River (fig. 5B), illustrating the effects of 
reduced streamflow magnitude (annually) and instantaneous 
peak streamflow (during a single streamflow event), as well 
as reduced sediment delivery downstream of the dam. Despite 
a reduction in streamflow magnitude and instantaneous peak 
streamflow, the channel began to transport sediments depos-
ited within the reservoir by downcutting and lateral migra-
tion within sediments previously deposited when water was 
impounded. Evidence for this is seen in figure 13 where chan-
nel deposits are visible in the reservoir sediments. Despite 
the marked increase in sediment volume between 1966 and 
1975 (fig. 7), this process of sediment deposition (during 
water impoundment) and subsequent erosion (unimpeded 
flow) reduced the trap efficiency during period 2 (24-hour 
pool). Remobilization of sediments and the general practice 
of a 24-hour limitation of water retention did not allow all 
sediments to settle out of suspension. Therefore, the annual 
volume of sediments deposited during period 2 was highly 
variable and lower than what was deposited during water 
management operation period 3 (permanent pool) (fig. 7).

The permanent pool during period 3 greatly increased 
the trap efficiency of the Jemez Canyon Dam because 
increased residence time for water allowed more settling time 
for sediments within the reservoir. The permanent pool also 
eliminated remobilization of reservoir sediments by channel 
incision within the reservoir. Aerial imagery during period 3 
shows further incision of the Jemez River near the confluence 
with the Rio Grande, which indicates that peak streamflow 
from the Jemez River in this area was reduced during this 
period (fig. 5C). Additionally, the appearance of more vegeta-
tion established in the Jemez River floodplain suggests reduc-
tion in sediment delivery below the dam.

With the evacuation of the permanent pool during period 
4 (dry reservoir), a period of negative sediment storage began 
at the Jemez Canyon Dam. Not only did the dam permit the 
passage of sediments from the upstream watershed, but ero-
sion of reservoir sediments supplemented that load by at least 
1,909 acre-ft of sediment between 2001 and 2016 (table 2). 
Specific changes in sediment load, suspended-sediment con-
centration, and suspended-sediment particle size downstream 
from the Jemez Canyon Dam during 2001–14 are not known 
because data collection efforts did not begin until July 2014. 
Although operation of the Jemez Canyon Dam during period 
4 (dry reservoir) effectively curtailed sediment retention, it 

extended the lifespan of the dam by ceasing sediment accu-
mulation in the reservoir and mobilizing previously deposited 
sediments. Since evacuation of the permanent pool in 2001, 
the Jemez River has transported more sediments to the Rio 
Grande than the sediment loads that naturally occur from the 
Jemez River upstream of the reservoir. Despite the mobiliza-
tion of accumulated reservoir sediments, the attenuation of 
peak streamflows (maximum dam release is approximately 
9,000 ft3/s) continues to limit the stream power required for 
major geomorphic processes, such as floodplain connectivity 
and channel migration, downstream of the dam. These limita-
tions are evidenced by the established vegetation bordering the 

Approximately 8 feet of 
deposited sediments

Channel deposits

Sand dunes

Figure 13. Vertical face, in the Jemez Canyon Reservoir 
approximately 1,000 feet upstream from the Jemez Canyon Dam, 
exposed by incision of the Jemez River into reservoir sediments 
deposited during water management operation periods 2–4. Note 
the channel deposits created by reworking and subsequent infill 
with sediments deposited within the water held back by the Jemez 
Canyon Dam. These channels likely occurred during drawdown 
periods prior to 1979 because this location was inundated from 
1979 to 2001. During 2001–18, water was only held above these 
deposits for a period of 10 days in 2013. Further evidence of the 
Jemez River channel is preserved in the sand dunes deposited 
lower in the reservoir sediments than the channel deposits. 
Photograph taken from the Jemez River on December 14, 2018.



Discussion  21

Jemez River downstream of the dam in aerial imagery from 
2014 (fig. 6D) and by the increased vegetation established at 
the confluence with the Rio Grande (fig. 5D).

Sediment Delivery to the Middle Rio Grande
In addition to preventing periodic flooding, the Jemez 

Canyon Dam greatly reduced naturally occurring sedimenta-
tion in the middle Rio Grande, which had historically dam-
aged cropland and irrigation diversions and altered the course 
of the Rio Grande (Scurlock, 1998). The heavily braided Rio 
Grande shown in figure 5A is indicative of a transport-limited 
channel in the Rio Grande during 1949. During operation 
period 2 (24-hour pool), the Jemez Canyon Dam impounded 
11,113 acre-ft of sediment by 1975 (table 2). Despite this 
limitation of sediment delivery to the middle Rio Grande from 
the Jemez River, the middle Rio Grande continued to aggrade 
in the vicinity of the Bernalillo bridge (just upstream from 
Albuquerque) until the early 1970s, at which point the chan-
nel was 4 feet higher than the historical floodplain (Massong, 
2005). The Rio Grande in this reach began to incise in the 
mid-1970s following construction and operation of Cochiti 
Dam for flood control (Massong, 2005). This indicates that 
Cochiti Dam more strongly influenced geomorphic changes 
in the Rio Grande than did construction and operation of the 
Jemez Canyon Dam. The limited sediment supply in the Rio 
Grande downstream of Cochiti Dam has created a sediment-
starved reach with decreased floodplain connectivity, increased 
morphological similarity, coarsened bed sediments, and nar-
rowed channels (Kondolf, 1997; Makar and AuBuchon,  
2012), which affect the habitat of endangered species in the 
riparian zones.

Operation of the Jemez Canyon Dam as a dry reser-
voir allows more sediment to be delivered to the middle 
Rio Grande, including sediments remobilized from deposits 
within the reservoir, while still maintaining flood control. 
The dry reservoir operation continues the primary function of 
flood control, while meeting the modern desire for increased 
sediment supply to the Rio Grande. Additionally, the storage 
capacity of the dam will likely continue to increase as sedi-
ments are eroded from within the reservoir.

Dam Operations Affecting Trap Efficiency

Trap efficiencies at the Jemez Canyon Dam varied dur-
ing water management operation periods 2–4 (table 2; fig. 7) 
largely because of the differing lengths of time water was 
impounded. Longer impoundment periods resulted in greater 
trap efficiency. The most significant factors affecting trap 
efficiencies are sediment characteristics and residence time 
(Gottschalk, 1964).

Trap Efficiency During Water Management 
Operation Period 2

Estimated trap efficiencies of the Jemez Canyon Dam 
during period 2 (24-hour pool) of 41.0 to 67.0 percent 
(table 2) are comparable to other semidry reservoir-sediment 
trap efficiencies, which were reported as 48 and 62 percent 
at Senecaville Lake and John Martin Reservoir, respectively 
(Brune, 1953). The governing limitation of trap efficiency 
during the 24-hour pool period was the relatively short 
residence time of water within the reservoir. However, most 
sediments of sand size and larger likely settled out at the 
river/reservoir confluence during period 2 because of the 
higher settling velocities of the larger sand-sized sediments 
(Garcia, 2008). Fine sediments were retained within the 
reservoir pool to a lesser extent because of the lower settling 
velocities of silts and clays at a rate dependent on the period 
of time the sediment-laden waters were impounded (gener-
ally 24 hours or less) before being released downstream. 
Depositional processes recorded in an exposed vertical face 
of the reservoir show evidence of the Jemez River rework-
ing deposited sediments and later infilling during periods of 
deposition. Evidence of channel deposits overlying preserved 
sand-dune features show history of an active channel within 
the exposed sediments (fig. 13). It is logical to assume that the 
Jemez Canyon Dam fluctuated between positive and negative 
trap efficiencies as sediments either aggraded (hold pool) or 
degraded (open gates, without hold pool) within the reservoir 
pool because the Jemez Canyon Reservoir fluctuated between 
deposition and reworking of reservoir sediments during period 
2, though trap efficiencies for period 2 were overall positive. 
Dam operators noted lower trap efficiency during period 2 
compared to period 3 (Water Control Manual, USACE written 
commun., 1994). During period 2, the dam was likely ineffi-
cient at retaining finer (silt- and clay-sized) sediments because 
of the short hold period, compounded by nonflood flows 
reworking and transporting deposited materials in the reservoir 
(Morris and others, 2008; fig. 13). For these reasons, subse-
quent operational changes began during period 3 (permanent 
pool), which increased the deposition of sediments within the 
Jemez Canyon Reservoir.

Trap Efficiency During Water Management 
Operation Period 3

Period 3 (permanent pool) impounded water in the 
reservoir for longer periods than in period 2, which resulted 
in increased settling and retention of suspended sediments, 
particularly in the silt and clay size ranges. Sediment reten-
tion and trap efficiency increased first with the 2,000-acre-ft 
pool (61.2 percent) and subsequently with the 20,000-acre-ft 
pool (99.8 and 99.7 percent, table 2). The permanent hold pool 
was more effective at retaining sediments than was a 24-hour 
hold pool, with the 20,000-acre-ft pool being 39 percent more 
effective than the 2,000-acre-ft pool. Similar improvements in 
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trap efficiency were reported with changes in dam operations 
at Senecaville Lake in Ohio; when a reservoir pool of 3,700 
acre-ft with a trap efficiency of 48.4 percent was increased to 
43,500 acre-ft, the trap efficiency increased to 94.3 percent 
(Brune, 1953). The larger pool increased residence time of 
retained water which increased the potential for sediments 
to settle out of suspension, particularly for finer sediments. 
Coarser sediments continued to deposit at deltaic zones (such 
as the deposition area of the Jemez River confluence and the 
reservoir), and locations of deposits varied with reservoir 
elevation.

Trap Efficiency During Water Management 
Operation Period 4

Changing management goals in period 4 (dry reservoir) 
included reduction of evaporative losses and reduction of sedi-
ment trap efficiency to increase supply to the sediment-starved 
middle Rio Grande. The pass through of streamflow from the 
Jemez River through the reservoir and dam to the Rio Grande, 
while maintaining the safe channel capacity, effectively elimi-
nated further sediment deposition within the Jemez Canyon 
Reservoir during period 4. The one exception to this was the 
brief hold period in response to the September 2013 flood. 
Volumes of sediments deposited or subsequently eroded by 
retention and release of these flood waters was not measured. 
The temporary hold pool in 2013 was the only substantial 
quantity of water retained by the Jemez Canyon Dam during 
period 4.

The overall negative value of incremental sediment 
volume during dry reservoir operations (period 4, table 2) indi-
cates a net loss of sediment from the reservoir. That sediment 
was passing downstream through the Jemez Canyon Dam to 
the middle Rio Grande. The trap efficiency was likely negative 
at the Jemez Canyon Dam for the entirety of period 4, except 
briefly during periods when flood waters were retained.

Although dry reservoir operations allow sediment to pass 
through the Jemez Canyon Dam to the middle Rio Grande, 
flood-control operations limit the volume of sediment trans-
ported during extremely high-flow events. The discharge 
capacity of the Jemez Canyon Dam outlet works is 9,700 ft3/s, 
and the Jemez Canyon, Abiquiu, Cochiti, and Galisteo Dams 
are all operated together to maintain a safe channel capac-
ity of up to 7,000 ft3/s as measured at the USGS streamgage 
08330000, Rio Grande at Albuquerque (Water Control 
Manual, USACE written commun., 1994). Peak streamflow 
has decreased below the Jemez Canyon Dam since the con-
struction and operation of the dam (fig. 3). Managing peak 
instantaneous streamflow magnitudes in the Jemez River to 
maintain safe channel capacity in the middle Rio Grande may 
limit large-scale sediment transport to the middle Rio Grande 
by decreasing the magnitude of flood flows and, therefore, the 
sediment-carrying capacity of the flood waters.

Calculated trap efficiencies at the Jemez Canyon Dam 
have varied under different water management operations: a 
low of 41.0 percent during period 2 (24-hour pool), a maxi-
mum of 99.8 percent during period 3 (permanent pool), and 
the current (2018) minimum of −37.2 percent during period 
4 (dry reservoir). While the trap efficiency of a dam is highly 
dependent on various physical and hydrological factors, water 
management operations can greatly alter trap efficiency to 
maximize various management strategies.

Suspended-Sediment Particle Size, 
Concentration, and Load to Inform Dam 
Management Operations

Operating a dam for targeted management goals 
requires understanding annual streamflow and annual sedi-
ment loads. However, understanding seasonal variations in 
suspended-sediment particle size, suspended-sediment load, 
and suspended-sediment concentrations is also critical when 
implementing specific operations to optimize management 
goals. These data could be used to target specific periods of 
the year when sediment transport or containment could be 
maximized, depending on management goals, while also con-
trolling flood flows.

Based on suspended-sediment samples collected during 
1948–53, suspended-sediment particles are finer (median is 
greater than 80 percent finer than 0.0625 mm, n=108; USGS, 
1952, 1956, 1958) than the particles in samples collected 
during 2016–18 (median is less than 60 percent finer than 
0.0625 mm, n=12; USGS, 2019a) (fig. 9). It is reasonable 
to expect coarsening of sediments delivered from the Jemez 
Canyon Dam because the 26-year operation of the 24-hour 
hold pool preferentially retained coarse sediments which 
began to erode during dry reservoir operation.

Suspended-sediment particle size varied by season, both 
prior to construction of the Jemez Canyon Dam and during dry 
reservoir operations (fig. 10). During both periods, monsoonal 
storm runoff transported finer suspended sediments than did 
snowmelt-derived streamflow. The “other” category represents 
times of the year outside of or contiguous to the snowmelt or 
monsoon seasons. Streamflow occurring during the months 
defined in the “other” category was possibly composed of 
early- or late-season snowmelt or winter precipitation and may 
have been represented by one of the other transport seasons. 
Thus, the “other” category can be thought of as a combination 
of snowmelt and winter precipitation data. This is supported 
by the range of particle sizes in this category, with a broader 
distribution of particle sizes than the monsoon season, but not 
as broad as the snowmelt category. On an annual basis, the 
dry-dam suspended sediments were coarser than the pre-
dam suspended sediments (fig. 9), and on a seasonal basis, 
snowmelt suspended sediments were coarser than monsoonal 
suspended sediments for both periods (fig. 10). These data 
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indicate that, for most of the year, the Jemez River below the 
Jemez Canyon Dam operates under two distinct suspended-
sediment transport regimes.

Suspended-sediment concentration also varied with sea-
son and changed over time. For example, suspended-sediment 
concentrations were much higher during the monsoon season 
(fig. 11), and sediment particle sizes were predominantly silts 
and clays (fig. 10), which require a longer time to settle out 
of suspension than sands. Conversely, suspended-sediment 
concentrations during snowmelt runoff were lower than during 
the monsoon season, and sediment was composed of more 
sand-sized particles that settle out of suspension more quickly 
than silts and clays.

While concentration of suspended sediment is a factor in 
optimal dam management, understanding the delivery of sedi-
ment load (the amount of sediment delivered per unit time) is 
also important to consider. Total annual suspended-sediment 
load in the Jemez River below the Jemez Canyon Dam, differ-
entiated by season (fig. 12), indicates that most of the annual 
suspended-sediment load was transported during the mon-
soon season in 6 of the 7 years for which data are available. 
In 2015, the highest suspended-sediment load was delivered 
during spring snowmelt because of a substantial snowpack 
and low flows during monsoon season. Annual delivery of 
suspended-sediment load from the Jemez River to the middle 
Rio Grande depends on the magnitude of flow in a season, 
which can vary greatly between years. However, the mean 
monthly streamflow for period 4 indicates that, on average, 
more streamflow volume is delivered during the snowmelt 
runoff season (65 percent; March, April, and May) than during 
all other months of the year combined (fig. 2). This indicates 
that, in addition to sediment particle size and concentration, 
understanding the seasonality of suspended-sediment load 
transport is important for optimal water management opera-
tions at a dam. For example, managers may adjust upstream 
dam releases to permit increased sediment-laden waters from 
the Jemez River to reach the Rio Grande.

Summary
The U.S. Army Corps of Engineers (USACE) operates 

and maintains 704 dams for project-specific, congressionally 
authorized purposes, such as flood and sediment control, 
recreation, fish and wildlife conservation, water supply, and 
water-quality control. The construction of dams provides 
reliable drinking water sources, supports large-scale irriga-
tion, generates hydroelectricity, controls floods, and improves 
navigation; however, dams also affect the natural flow regime, 
downstream sediment fluxes, and riverine and riparian eco-
systems. To respond to and support multiple objectives, water 
managers increasingly modify dam operations to restore peak 
streamflow, increase sediment delivery, and restore altered 
ecosystem processes to support downstream fish and wildlife 
habitat while maintaining the authorized purposes of the dam.

The Jemez Canyon Dam, completed in 1953, is one such 
dam on the Jemez River, a major tributary to the middle Rio 
Grande, that was authorized for flood and sediment control 
and has undergone various water management operation 
changes. Sediment and flood reduction, along with channel-
ization and climatic changes, have resulted in the middle Rio 
Grande between Cochiti Dam and the city of Albuquerque 
becoming narrow and incised. This reach is currently a 
sediment-limited section of the Rio Grande, resulting in 
decreased floodplain connectivity, increased morphological 
similarity, coarsened bed sediments, and narrowed channels. 
These morphological changes adversely affect habitat in the 
riparian zone for several federally endangered listed species, 
including the New Mexican meadow jumping mouse, Pecos 
sunflower, Rio Grande silvery minnow, and willow flycatcher. 
The U.S. Geological Survey (USGS), in cooperation with the 
USACE, undertook a study to examine suspended-sediment 
transport during various dam operations and the interannual 
variation of suspended-sediment loads, suspended-sediment 
concentrations, and suspended-sediment particle sizes. These 
analyses may better inform future operation at the Jemez 
Canyon Dam, and other dams in the arid southwest, regarding 
flood control, extending the effective lifespan of a dam, and 
helping address ecological concerns. These findings may guide 
dam managers in optimizing dam management goals and may 
serve as a framework for further investigations regarding the 
contribution of sediment flux to the middle Rio Grande.

The Jemez Canyon Dam has been operated under four 
broadly defined water management operation periods (includ-
ing the period prior to construction of the dam): period 1 
(predam, prior to 1953), period 2 (24-hour hold pool, 1953 to 
1979), period 3 (permanent pool, 1979 to 2001), and period 
4 (dry reservoir, 2001 to 2018). Period 2 was operated with a 
24-hour hold pool which captured storm and snowmelt runoff 
from the Jemez River and gradually released the impounded 
water to the safe downstream channel capacity of the Rio 
Grande. To improve sediment retention, dam managers 
introduced a permanent hold pool during Period 3 that was 
2,000 acre-feet (acre-ft) from 1979 to 1985 and was 20,000 
acre-ft from 1985 to 2001. The permanent pool was eliminated 
during period 4 (2001 to current [2022]) because of excessive 
evaporation losses. Since 2001, the Jemez Canyon Dam has 
been operated as a dry reservoir, allowing unimpeded flow of 
sediment and water to the Rio Grande except for periods of 
potential flooding.

Data included in this study span approximately 80 years 
and were collected to better understand streamflow and sedi-
ment transport near the mouth of the Jemez River. The data 
include historical accounts of the Jemez River watershed, 
aerial imagery, historical reservoir capacity changes, and 
surface-water and sediment gage data. Not all data types were 
available for every management operation period.

Aerial imagery collected during the management periods 
shows qualitative changes in the vicinity of the Jemez Canyon 
Dam and downstream at the confluence of the Jemez River 
with the Rio Grande. Predam imagery shows the Jemez River 
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occupying a broad sand channel. The river changed to a mean-
dering, more incised channel downstream of the dam with 
vegetation established on sediments accumulated within the 
reservoir during period 2. The extent of the permanent hold 
pool behind the dam is apparent in imagery from Period 3. 
Imagery from Period 4 shows vegetation growing again on the 
accumulated sediments within the reservoir but also erosion of 
those sediments.

Historical reports describe flooding in the Rio Grande 
as common. The Jemez Canyon Dam was designed to reduce 
floods in the middle Rio Grande and has been success-
fully operated to reduce flooding as observed during two 
particularly large flow events: a flood in the spring of 1958 
that was caused by regional snowmelt runoff and a flood in 
September 2013 that was caused by record rainfall. Also, 
instantaneous peak streamflow below the Jemez Canyon Dam 
was reduced to less than 5,000 cubic feet per second from 
1959 to 2018.

The Jemez Canyon Dam was also designed to limit sedi-
ment delivery to the middle Rio Grande. Repeat reservoir sur-
vey data collected during the operation of the Jemez Canyon 
Dam indicate incremental and cumulative sediment volumes 
stored within the reservoir pool. Estimated trap efficiencies 
(percentage of incoming sediments trapped within a reservoir 
during a given time) were also calculated for each reservoir 
survey and represent the results of operational changes at the 
dam. Estimated trap efficiencies for Period 2 are compara-
tively low when compared with those from Period 3, espe-
cially when the 20,000-acre-ft pool was in place. The 24-hour 
pool duration likely was short enough to permit some amount 
of sediment to pass through the dam, in addition to the passing 
of nonflood waters and sediment. Following creation of the 
permanent pool in Period 3, as much as 99.8 percent of the 
incoming sediment was deposited in the reservoir. The esti-
mated trap efficiency during Period 4 decreased to −37.2 per-
cent when the permanent pool was evacuated. The negative 
value of the trap efficiency during this period represents 
removal of sediments previously deposited in the reservoir 
which supplemented the natural sediment-water mixture pass-
ing through the dam.

The trap efficiency data illustrate several effects of chang-
ing dam operations at the Jemez Canyon Dam and the quantity 
of sediment trapped or removed as a result. The permanent 
hold pool was more effective at retaining sediments than 
was a 24-hour hold pool, with the 20,000-acre-ft pool being 
39 percent more effective than the 2,000-acre-ft pool. The 
current operation of a dry reservoir not only passes most of the 
sediment through the dam, but also supplements downstream 
sediment delivery by eroding previously deposited sediments.

Understanding seasonal variations in suspended-sediment 
particle size, suspended-sediment load, and suspended-
sediment concentration is critical when implementing specific 
operations to optimize management goals. On a seasonal 
basis, suspended sediments are coarser during snowmelt than 
during the monsoon season, and monsoonal flows have higher 
suspended-sediment concentrations than snowmelt flows. 

Total annual suspended-sediment load in the Jemez River 
below the Jemez Canyon Dam indicates that the amount of 
suspended-sediment load delivered in a given season depends 
on the magnitude of flow distribution throughout the year. 
Despite having lower suspended-sediment concentrations, 
the snowmelt period may transport more annual suspended-
sediment load if spring snowmelt magnitude is great enough 
(as seen in 2015). This indicates that, in addition to sediment 
particle size and concentration, understanding the seasonal-
ity of suspended-sediment load transport may help to guide 
optimal water management operations at a dam.
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