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Irrigation Districta Coaparisons

In a previous publication (Tanjli, ekt al., 1977), a comparisch waa
wads on 1975 seasonal supply and surface drainage water and their
gualities for the Glenn-Colusa Irrigation District {GCIP} in the Sacramento
Valley and Panoche Drainage District (PDD) in the San Joaguin Valley.

The dominant crop in GCID i3 rice which 13 baain flooded and the
major crops in PDD are tomato, cotton, end octher row and field crops
which are norgally furrow irrigated. w: the GCID, average seasonal
irrigation was §.31 na\:\naw:m.mmq p”/ha) and surface irrigation return
flow, 1.84 ac/ft/ac (5,606 m~/ha} or 295 of Bupply uater, Ig coniraat,
PDD's average seasenal irrigation was 3.23 ac-ft/ac {9,842 n“/ha) and
surface draimage, 0.75 ac-ft/ac (2,285 a”/ha) or 23% of supply water,

The flow-weighted average concentration of suspended sediaent in
GCID was 25 mg/l and return flow, 36 mg/l, while in #BD 1t was 90 and
148 mg/l, respectively. In terms of unit wasy emission rate, GCIDb
discharged less suspended sediment (0.09 vs. 0.21 tonssac) (200 vs.
570 kg/ha) than the loading rate in supply water whereas PDD discharped
more suspended sediment {0.39 vs. 0.33 tons/ac) {874 va. TUO kg/ha) Lhan
applied by the irrigation water. 3Such concentration differences may ba
attributed to flooded rice culture acting as settliang baoina for suapended
sediment in GCID while furrow irrigation produced sediments in PDD.
But on a mass basis, only slightly more sediments were diacharged by
POD than were brought in by the supply water.

The impacts of these return flows on receiving atream qualities
were previocualy reported (Tanji, 1981).

Discuasion of California Studies

The results presented on sediment production and discharge into
receiving waters document some of the complex and interacting factors
involved in soil erosion and sediment control. For instance, surface
runof{ from flooded rice fields contained only am average of 165 of the
mediment brought in by supply water because the fields act aas settling
basins., On some solls like the Panoche clay leam in Panoche Pralnage
District, furrow irrigation produces a large sediment load, but it can
be controlled if a tail water recovery system is installed, In a similar
furrow irrigated togato field in the Sacramento Valley, the first
irrigation produced high concentrations of auspended sedlment but a
second irrigation produced less sediment maimly because tillage was not
practiced befora the second irrigation, indicating that reducing tillage
will reduce sediment loss. Furthermore, in the Sacramento Valley,
substantial amounts of sediments were picked up in the return flow ditch
collecting tailwater from furrows because of increased current velocity
and channel srosion in a freshly graded ditch.

At a larger spatial scale like in an Irrigation district, sediments
produced frop fields or farms may be either depoalted in drajns when
current Flow veloeities are small or transported through dralna when
velocities are large. In some instances, water in drains may plck up
bed loads deposited from previous flood runoffs.

Based on these and other observations, it is elear that thera are
at leasat twe levela of apatial acales that need to be addresszed on
sediment control, one at the on-farm level and the other at irrigation
project and river baain lavel,
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Eroaten and Sediment Losa Studies in Idabho

Hany eroslon and sediment lo3s studies have boen conducted on
srosive 311t loam soils in sputhern Idaho during the past 1% years,
The firat atudy mecasured sediment inflowa and outflowe for two large
irrigated tracts. Sediment concentrations ranging lrom 20 to 15,000
rg/l wers measured. The seasonal sedipent loss from flelds into drains
on 2 161,500 acre (65,350 ha) tract was 1.78 tona/acre (4,000 kg/ha),
Host of thils sediment deposited in drains requiring mechanized removal,
The seascnal loss from an ad jacent 203,000 acre {82,030 ha) tract was
0.63 tons/acre (1,820 kg/ha) {Brown, et al., 197Y; Carter, 1976).

Individual irrigation and seasonal sediment lossea have been measured
on approxigately B0 fields over the past j0 years in attempta to relate
furrow slope, furrow stream size, run length, tillage managemeni, crop
and residue to sediment loss (Berg and Carter, 1980; Carter and Berg
1983). Results from these studiea have been used to develop tables om.
expected sediment losses for different slopesa, cropa, and run lengths,
and depending upon the presence or absence of a convex end conditlion.
The presence of a convex end, which is a progressive slape Increase with
distance over the laat 20 to 60 ft (6§ to 168 m) inte the tailwater diteh
{Carter and Berg, 1983), significantly increases sediment loases.
Ceneral average values (Table 1) are useful for daveloping predictive
nodels and mathematical relationships (Kemper, et al, 1585), but we mst
recognize that these data are highly variable, Therefore, predicted
sediment losses way range widely from measured valuea on any particular
field., Pata in Table 1 represent the most common conditiona. Sediment
lesses are greater where water application ia with gated pipe or from
an earthen diteh with cutputs, Fun length also influences sediment loaa,

There are several recognized reasons for the variabfility in sediment
loases from flelds. One 13 that slope often variea over the run length,
Another i3 that the previous crop has an impact on erosion and sediment
losa, and usually was anot considered in [ield selection for study.
Tillage management influences erosion and sedirent loss, and it 1s also
a field to field variable. Irrigation management, including stream size
and 1ts adjustment during an irrdgation, irrigation duration, and number

Table 1. Estimted sedinent ylelds for different aropa irvigated fron cement 1ined
ditches with sfrhon tubes, fmn lergth was 660 feet (201 m)¥,

Aversge Field Slope, §

§ T O05Tr— 12— e 23— — 3 e
Covexend® N M S N N S N M 8§ N M 38
Lo
Alfa)fa 0.0 0.0 0.0 0.7 0.9 12 23 2.8 41 56 7.0 9.8
0.0 0.0 0.0 1.6 20 2.7 52 65 92 12.6 157 2.0
Cocnl gratn 7.1 1.3 1.8 3.2 A0 5.6 6.4 8.0 1.2 0.8 13.0 6.2
apms 25 2.9 540 T.2 9.0 126 W3 17.9 .t 3.3 29.1 .4
Dy beans 2.5 3.1 L4 8.7 10.9 15.3 8.0 23.0 32.2 .0 3%.0 9.0
ccean 56 7.0 9.9 19.5 204 34,3 8.2 5.6 72.2 62.8 79.5 109.8
Sugarbeets 31,2 4.0 5.6 12.1 15.2 21.2 2.8 33.0 %.2 .0 55.0 77.0
7.2 9.0 2.6 27.1 3%t 47.5 59.2 74.0 103.6 98.6 123.3 172.6

Top row of figwoo are Erglish units of tors/acre
Botban rar of [igures are metrie units of thausands of kg/ha

_zu_&gﬂﬂn“znﬂnﬂuﬁganmumﬁa&gﬁmﬂ.
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of irrigationa varies with the operator and influencas erosion and
sediment losa. There are alao other, not completely underatood, paramcters
that influence sediment loss.

Controlling Sediment Losses

Puring the paat 15 years, saveral research projects have been
conducted to develop and evaluate different management alternatives for
reducing sedinment loss from furrow irrigated land., The efficiencien of
various "Best Management Practicea® (BHP's) for reducing sediment losses
have been eatablished, and based on thoae effjclencies and cost
conaiderations, BHMP's can be applied by farpers. These BMP's have been
applied in various cowbinations Lo two watersheds to determine potential
reductions in sediment loas by applying best known technology. The BMP's
will be discuassed followed by a discusasion of the two watershed projecta,

Sediment Reteotien Basins

There are several types of sediment retention baains ranging from
ponds of an acre (0.4 ba) or more located en a main drain to minj-baains
receiving runoffl froe only § or § furrows. All are eflective, and each
has its best application. Large sediment basins on main dralins are
often formed by constructing an earthen dam across the drainage at a
suitable site and installing & proper outlet., These large baszina have
sedjment removal efflciencies of 6% to 90f depending upon the aediment
concentratien in the inlflow water and the time requlred for water to
paas through the pond {Brown, et al., 1981), Hedium sized acdinment
retention basins sre often excavations recelving runoff water from ohe
or more Flelda. Thelr sediment removal elfficlencies range from 75 to
95%. Mini-basins are formed by excavating a sequence of small basina
along the lower end of a field or by placing earthen checka across the
tailwater drainage ditch. If control ocutlets into a separate drailnage
diteh are placed in each minibasin, the efficiencles will range fram as
to 95%. I water 15 allowed to pass from cone basin to the next, thete
basins become much less effective with efficienciea of only 40 to 70%,
and often the Flow volume destroy? the checks and basins are washed out
{Brown, et al., 1%81; Carter and Berg, 1983}.

Another type of mini-basin 18 the *I-slot™ or *T-2lot™, These are
slots excavated in the taflwater drainage ditch in the shape of an "I"
or "T" as the names indicate. The efficiencies of Lhese basina are
about the same as for mini-basins where the taflwater flows sequentially
through the entire series, or about 40 to 70%.

Buried Pipe Runoff and Sediment Cootrol Syatem

A runelff and sediment loss control system comprised of a buried
draln pipe along the lower end of a fleld with vertical inlets at
intervals was developed by Carter and Berg (1983). The firat season
these vertical inlets serve a3 outlets for mini-basins. As the aini-basins
11} with sediment, a convex end problem can be corrected, and more land
can be cropped becauvse the tailwater ditch has been replaced by the
buried pipe. This BHMP has a sediment removal elliciency of %90 to 95%
while mini-basins are Filling with sediment and 75 to 908 after they
have filled,

The initial cost of the buried pipe runoff and sediment control
system iz higher than for some other practices, but it has the potential
of paying for itself fu & to 8 years by correcting convex end and
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tailwater ditch probiems, and adding productive area to fields where
installed {Carter and Borg, 1983}.

Yogatative Pillter 3Stripa

Strips of cecroal, grass, or alfalfa sceded along the lower end of
ficlds can reduce sediment lossos by 4O to 60% depsnding vpon the sodimont
load in the runoff water, the placeaent of the vegotative filtor atrip,
and how far furrows ore made into the ateip. Those vegetutlve Filtor
Btripa can be harveated for some return from the land mlthough yieclds
por unit arca are usually only 50 to 708 of field yields. Sueh vegetatlve
filter strips can also be placed along the upper ends of [lelds to reduce
eroaion where furrow atreams exceed the oroslve oize.

Vegetalive filters guat bo proparly instelled and monaged if they
ars to be at effective BMP. Thoy are a relatively )ow cost altermatbivae,
but thelr effeativenesas is leas than that of 3ome other DHP'a,

LG Drain Evaluntion

A 1,300 acre (1,336 ha) waterzhed tributary to the Snake River in
southern Idaho wan studied oa a Section 208, P.L. 92-500, project,
Earlier measuremenla of acdiment loas had been made In 1972 and Lhe
astudy perlod was 1977 Lhrowgh 1980, ALl dralnage water entered the
Snake River at cno point whero water and scdiment outllows were measuied,
The waterahed was comprised of 25 farmlng unity., Water and sediment
tnflows and outllows were measured for bLho bB-year period. 1977 wWas
conaidered thoe baceline year. The DMP's dlscuased earlier were applied
on fields, farms, and on the maln drain. The BHF's applied to cach
particular farm or [leld were selected through discussjions with farmers
and an evaluation of which DMP's appcared meoat promining. In additlion
to the BMP's discussed carlier in this paper there were scme tillage
treatments, one tallwater recovery aystem, improved water conveyance
and control atructures, scme improved water management practices initiated
such as using gated pipe to shorten run lengths, and some Improved
irrigation systems impstalled, Vegetative filter strips and sedloent
retenticon basina comprised wost BMP's applied,

The application of these PMP'a aa beat avallable technology did
slgnificantly reduce sediment losa from the watershed {Table 2). Two
large sediment ponds on the main drailn accounted for much of the lods
reduction, The slight incrsase ip aediment loas in 1980 over 197%
resulted from greater water outflow at a lower sediment concentpration
in 1980 compared to 1979. Therefore, the effectivencsa of the control
BMP's ipproved each year.

Table 2 = LQ Drain flow and sediment discharge to the Snake River

Cum, [low Cum, sediment Sediment lcss  Sediment loss

Seaaon cubic meters, kg, thousanda {3 of 1972) (% of 1977)
thousands

1972 10,855 11,385 100 -

1977 10,084 4,709 16 100

1978 12,304 3,07 30 40

19719 i1,595 1,769 15 20

1980 13,969 2,086 18 24
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L

Rock Creck Rural Clsan Water Project Waterahed

& Rural Clean Water Act Project has been underway for the paat five
years. This watershed ia comprised of about 45,000 acres {18,225 ha).
PMP's are belng applied to wore flelda and farma each year, and the
project 13 not cowplete. Preliminary results are similar to those
obtaincd on the LQ project for subunita of thia project. One additicnal
PHP bLeing applied boginning in 1986 is conscrration tillage practices,
Impacts of this new BMP are not yet known, but preliminary rosulta are
promising.

Eroalon and Sediment Lozn

Moat of the raaearch and technology application to date has been
directed toward recducing sadiment lesses into rivers and streams. MHance,
muech of the information ayailable concerns trapplng sediments to prevent
them from polluting watera, There are costs assocclated with the injtial
inatallation amd mainlenanco of sodiment teapping DHI''9, and many farmers
cannob alfford thone exlra cozta or they are not willing to apend redources
for such practicez, without some cost aharing from ouliide sourcaa,
Therelore, prenent rescarch efforts are almed at preventing the erorion
that suspendz nediment, at little or no cost to the farmer,

Only a portion of the damipe cavsed by crosien and sedimentation
13 represented by tho sediment loss from furrow irrigated land. Tragie
yleld potentlal loases have resultod from the dynamic erosion and
yrdimentation processcs along irrigation furrows. Drown (1985) haa
shigwn that severe ervsion oceurs along upper length scgments of furrows
and sedimentallon occurs along length segments further down the Marrows,
The process varies with each irrigation. Carter, et al. (1985) concluded
that the redistribution of topseil from upper to lower ents of [fielda
by this eroalon and sedimentation précess has reduced potential crop
yiclds approximately 255, In other worda, present yields are ouly 758
of what they could have been had there been no e¢rosion. Our efforts
ahould be directed at stopplng erosion, which will also reduce sediment
cencenkrations in return flowa.

Frosion Control Technoleogy

Effective Furrow ercsion control depends upon methods to increase
sall cphesion and to use plant residues to dissajipate stream [low energy
and to bind seils together. Applying amall amounts of resldues to
furrcwa can almost eliminate sofl erosion and sediment loas (Miller and
faratad, 19833 Berg, 198%; Brown, 1985). A better approach, however,
ia to leave residues from the previous crop on the soil, with the right
smcunt in the furrow. Preaently, several conservation tillage regimes
arc being evaluated for this purpose. Limited results indicate that
sediment losses can be reduced 50 to 90% by applying minimuz tillage
jractices, Results from ona fleld study indicated that no-till farming
can be applied to at least part of the crep rotation on furrad frrigated
tand, almost eliminating furrow ercaion, and without reducing erop yields
{Carter, unpublished data).

Corcluaiona

Irrigation eroalon ia a seriocus envirgnmental problem needing
continued research aimed toward prevention. For many years, the problem
vas unnoticed, while each year an additional increment of damage and
loas resulted. Research during the past 15 years has led us to the
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thrashold of major advancea in srosion control and the near prevention
of sedinment loss into rivers and streama. The potential 1a good for
controiling furrow erosion, but continued extensive and intensive research
will be required For at least the next decade to develop and apply the
needed technology to accomplish these major advancementd.
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