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**These individuals submitted letters with the identical content as letter C-11 from Penelope Young-Andrade. To save resources, we have elected to print one version of the letter and
list the individuals that submitted this letter.
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Letter - C1. Signatory - Janis Seybert.

Response to Comment C1-1
Comment noted.

Response to Comment C1-2
Comment noted.

Response to Comment C1-3
Comment noted.

Response to Comment C1-4
Comment noted.

Response to Comment C1-5
Comment noted.
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April 6, 2002 in

u APR -9 200
Mr. Bruce [, Ellis
Bureau of Reclamation REECURCEE
Phoenix Area Office (PXAO01500) 2 AT
P.0. Box 81169
Phocnix, AZ 85069-1169

Mr. Elston Graubaungh

Manager nfiRe@oumr:s, Management, and Planning Department
Imperial Irrigation District '
F.Q, Box 937

lmperial CA 92251

Dear Mr, Ellis and Mr, Grubaugh:

Thank you for providing us the opportunity to comment on the subject document.

There are many concems regarding the Salton Sea that need addressing before
transfer of water can be conducted by any of the agencies.
My principal concerns are:
1. Amy water transfer shall not undermine efforts to restore the Salton Sea.
2. Should not have a negative impact on the regions swrounding the Salton Sea.
3. Should address alternative method of fresh water intake to the Sea,

4. Should not ignore beneficial uses of the Sea both, economically and
recreational,

The EIR/ETS as now proposed has no consideration as to the restoration project of
the Salton Sea and ultimately to s demise
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Letter - C2. Signatory - Rosa Reagles.

Response to Comment C2-1
Refer to the Master Response on Other/J Relationship Between
the Proposed Project and the Salton Sea Restoration Project in
Section 3 of this Final EIR/EIS.

Response to Comment C2-2
Comment noted. As described in the Draft EIR/EIS, it is
anticipated that there will be adverse impacts to the regions
surrounding the Salton Sea. Refer to the Master Response on
Socioeconomics-Property Values and Fiscal Impact Estimates
in Section 3 of this Final EIR/EIS for additional description of
the socioeconomic impacts to the Salton Sea region. Impacts to
other environmental resource areas are described in other
sections of the Draft EIR/EIS.

Response to Comment C2-3
Comment noted.

Response to Comment C2-4
Economic resources of the Salton Sea are discussed in
Section 3.14 and Recreation Resources are discussed in
Section 3.6 of the Draft EIR/EIS.

Response to Comment C2-5
Refer to the Master Response on Other/J Relationship Between
the Proposed Project and the Salton Sea Restoration Project in
Section 3 of this Final EIR/EIS.
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February 28, 2002

Board of Directors
Imperial Irrigation District

Via: Hand Delivery @ Water Transter EIR/ELS Public Workshop

Members of the Board:

Attached please find the document entitled “Sall Distributions in Cracking
Soils and Salt Pickup by Runoff Waters” which validates concern over the
long-term effect of salt accumulation from Pump Back Systems as a means
of water conservation,

[ would like this document to become a part of the public comments
regarding the EIR/EIS. 1 am asking the Board direct their water n_-ansfer
staffto review this report and provide me with their comments prior fo the
public hearings to be held by the state regarding the EIR/ELS.

[ have considerable concern over the District’s opinion that these systems
are the answer to our water conservation needs. We must consider the long
term viability of agricultural production in the Imperial Valley and the
impact of reducing or eliminating the quality of the soil here; thus in turn
destroying our industry and the infrastructure that goes with it.  This St}ld}"
and the salt accumulations have not been given sufficient, if any, attention.

Thank you for vour immediate attention to this matter.

Sincerely, .

Tk —

Walter Holiz

102 Ralph Road
Imperial, CA 92251
355-2872
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Letter - C3. Signatory - Walter Holtz.

Response to Comment C3-1
IID has cited and continues to cite the paper entitled, "Salt Distributions
in Cracking Soils and Salt Pickup by Runoff Waters (Rhoades et. al.
1997) as support for it's positions on tailwater and leaching, namely:

a) That horizontal leaching does occur on cracking clay soils.

b) Therefore, some fraction of tailwater should be considered as
reasonable and beneficial use for leaching purposes.

c) The 11 percent leaching fraction determined to be sufficient by the
Jensen report (Jensen 1995) will not allow IID water users to maintain
an adequate soil salinity balance.

d) Infact, taking the IID service area as a whole, IID water users
would benefit by increasing, rather than decreasing, their leaching
fraction.

However, the long-term effect on soil salinity induced by the use of a
tailwater return system cannot be determined from this study alone.
Note that the data presented only address elevated salinity levels in
tailwater during the first 30 minutes of a runoff event. In addition, no
tailwater volumetric data were collected. Therefore the average
tailwater salinity over an entire irrigation area cannot be determined.
Most of the paper is concerned with demonstrating how insufficient
leaching results in increased soil salinity along the length of a field.

IID has collected limited volumetric and salinity data from existing
tailwater return systems. These data do give some indication of the
potential impacts and challenges associated with the long-term use of
such systems. The average tailwater salinity increase over a complete
irrigation has typically ranged from 6 to 42 percent, depending on soil
type, crop, and tailwater duration. One of the most critical aspects of
tailwater return system operation and management is the mix of
irrigation and tailwater at the head of the field. The average increase in
salinity of the mixed water has typically ranged from 4 to 21 percent,
again depending on soil type, crop, and tailwater volume. Depending on
the soil type and crop sensitivity to salinity, such increases could
require a higher leaching fraction, additional tile drains, and/or
increased leaching applications between crops.

As the Rhoades et al. (1997) paper points out, salinity management is
always critical, and as IID data show, salinity management is even
more critical with the use of tailwater return systems. However, IID staff
believes that tailwater return systems can be successfully managed
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Response to Comment C3-1 (continued)

over the long term without reducing soil productivity. Successful
management of a tailwater return system will, in many if not most
cases, require additional leaching. The conservation estimates for
existing tailwater return systems are adjusted to account for a higher
leaching requirement. Likewise, when we have modeled tailwater return
systems as part of the mix of conservation methods for the San Diego
agreement, we have accounted for increased leaching requirements as
well.

1ID staff have long been of the opinion that water users should choose
conservation methods best suited to the crops they grow, the soils they
farm, and the physical layout of their fields. | do not believe that 11D staff
have intended to present tailwater return systems as the only answer to
the IID's water conservation needs. IID did select tailwater return
systems as the pro-forma conservation method during pricing
negotiations. They were in use within the IID service area, and many
water users had expressed an interest in using tailwater return systems.
Therefore, IID wanted to obtain a price for conserved water that would
cover the installation and use of a tailwater return system, should a
water user wish to adopt that technology as a water conservation
method.

Response to Comment C3-2
See response to Comment C3-1.




SALT DISTRIBUTIONS IN CRACKING SOILS AND SALT PICKUP BY
RuNoFF WATERS

By J. D. Rhoades,' 8. M. Lesch,’ 8. L. Burch,” J. Letey,* R. D, LeMert,” P. J. Shouse,*
J. D. Oster,” and T. O'Halloran"

ApsTRACT:  Detailed meaturements were made of the levels and distributions of salls present in representative
sl prodibes and fields and associsied wailwaters in the Imperial Yalley of Califomia. The findingt thowed that
the potential salinity-pickup hazard may be grearer in this valley that is dominated by cracking soils than classical
theory would predict. Salts that would otherwise he “imlated'* in spedbeds or leached downward during irei-
gations ars more "exposed to"" and “'picked up by™ the runoff waler than previously recognized as a result of
the flow of the imigation water throughout the heds and horizomally in the topsoil via the extensive network of
cracks and fractures that form in the cracking soils. As o resubt, the pamemn of salinity within the beds of such
wails ix one-dimenaional, rather than the expected, clastical two-dimensional pattern, Sal coment in the tailwater
associated with cracking soils was higher and sustsined over bmger periods of time than in the case of non-

cracking soils.

INTRODUCTION

Whaier is 2 valuvable and scarce resource in arid and semiarid
regions where a high percentage is used for imigation, Runoff
of irrigation water ("'tailwater'’} is 8 common phenomenon
frem flelds irigaed by gravity-flaw surface systems. The min-
imization and the unlization of tailwater is a8 requisite o the
efficient uss of water ves for such gy g

Pozitiwe wtilizefion of tailwater could include: reuse for ir-
rigation (for the same or other fields), retum o0 surface
streams. the creatien of wetlands, cie. In the Imperial Yalley
of California, tailwater drainwater is comingled with the sub-
surface drainwalcr and dischargeal w0 the Salton Sea Although
some runoff (o the sea may be comsidersd beneficial w the
A = of a suitable elevation and salinity of the sea,
excessive runoff in the past has contribuled 1o arising sea level
with negative comsequences (o0 sunounding agriculural land
and recreational facilives.

One means of reducing runoff o the sea is to install wail-
whler recovery systems, whenehy the water is recireulated on
the same field or farm. Generally the value of the *“conserved
wter™" will not justify the costs of the recovery systcm unbcas
fees are imposed againet excessive discharges. Because the
ecoramic value of water is higher for urban uss, and waler
supplies in California are limited, there is opporunity for a
mutually beneficial cooperative agreenent between agricul-
tural and urban sectors in this regard. The urban sector can
pay for the wilwater recovery system in returm for receiving
waber in an amount squivalent o thal conserved.
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Such an amangement has been considered for implementa.
tion in the Imperial Valley, However, salinity is an old nemesis
there and the faravers are concerned that salinity levels will
increase unduly i their soils through the recycling of tailwates
for imrigation. The sourcs of water for irrigation is the Colo-
rado River, which has an electrical conductivity (EC) of abous
1.3 d5/m. Prevalent **wxatbook logic' would lead 1o the con-
clwion that salt packup via tilwater flow should be negligible
becauss the “leading edge™ of the water that flows over the
soil s thought to infilirate into the 30il and 1 “‘garry'’ the
readily soluble salt with it The salt in the soil is not expected
1o diffuse upward significantly when the water is percolating
downward. With this prevalent view of the ransport processes,
one would not expect 1o find a significant increase in the sa-
linity of the wilwater compared 1o the krngarion water other
than that which might be derived from the dissolution of sus-
pended sediment gained through fumow erosion. Such were
the conclusion and findings of the study of Reeve et al, (1955}
into the potcndial to reclaim saline soils in the Coachella Valley
of California by "fushing."

However, one can envision situations where salt could be
accumulated in the ssedbed region of the soil through con-
vective and capillary flow diring sarly season periods and sub-
s=quently exposed to surface flows and redissolved in them
when the “inkegrity'" of the bed fails due to s0il cracking and
fracturing and when the infileration mee of the furrows is &i-
minished laer in the imigation scason as the result of sedi-
mentation ond crusting, Most theory and rescarch about saline
ity transport has been directed 1o venical leaching of salts and
little anention has been given do the Tateral wansfer of salis in
surfaice munoff, especially regarding soils of various shrink-
swell capaciues. 1o any cass, some Imperial Valley farmers
were concerned about the possibility of excessive salinity
buildup in their soals from recycling of tailwater, For thess
reasons, this snsdy was undenaken. It was carried out in a ser
of commercial ficlds in Imperial Yalley szlected by local staff
of the Imperial Irigation District to be representative of major
soil lypes. including those with varying shrink swell proper-
tes., though much of the ares consists of soils thi erck con-
siderably upon drying. It was postulated that the dynamic salt
transport would be signrificantly different an soils that have
high shriek-swell properties from those withour these proser-
ties. The sudy had two goals. Onc was (0 measure salinity in
the sail and runoff water 1o obtain evidence of the extent of
and the poicotial for sali pickup in w@ilwater 2nd of the influ-
ence of soil properties im this regard. The other was 10 oblain
information on the dynamics of $2l1 tanspor in cracking and
aoncracking soils so that the feasibility of wilwater recycling
could be asseszed mose reliably.
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EXPERIMENTAL PROCEDURES

Mine fislgs were sebecied 1o include a representative sct aof
soil and erop types for the Imperial Valley, The crops selected
for investigation were sugar beets (flat beds; furrovw-irmigated),
bosder-irrigated alfalfa {no beds), and furrow-irrigated alfalfa
{flat beds). For each cropping system, three ficlds were se-
Jected 1o vary shrink-swell characierstics and 10 evaluare thelr
effects; one with clay textured soils, one with sandy soils, and
one of imermediate texture. The saal classifications for each
of the investigated ficlds are presenied in Table 1. The terms
“heavy,” “‘medum,'’ and *‘light'" refer o the relative clay
coment and the expecied degree of cracking Thus, the soil
idemtified as being heavy is one that exhibits high shrink-swell
properies, whereas the light soil exhibits relatively litdle
shrink-swell behavior. By employing these nine fields, the ef-
fects af becki could also be evalupied along with variation in
the soils® shrink-swell properties. The irmigation and other
management of these fields were routinely camied out by the
farmers. We only monitored the salicity conditions of the soils
and tailwaters, A bromide racer study was conducted on twa
of the ficlds and the details of that siudy are reported elsewhere
(Shouse et al. 1997}

Surfece water samples were collected during two to five
irmigaticns of one cropping season at the head of each field
and &t points one-fourth, one-hall, thees-fourthe, and the end
of the field. At each sampling point, except the head of the
fiedd, water samples were collected when the leading edge
[LE) of the water reached he point and then 2t 5, 13, and 30
min after the leading edge had passed the point. The EC of
all zamples was measored using a standard, temperabure-com-
pensating conductivity meter a5 an index of the waier salinity.

Soil salinity conditions in the soil profiles and beds from
e head 1o @il ends of the nine fickds were cstablished using
the instrumenta]l methodelogy and mobilized systems of
Rhoades and colleagues (Rhoades 1992, 1993, unpublished
paper 19943, Messurements of soil slectrical conductivity were
obiained along a six-row-wide taverse in each furmroweirn-
gased field about every meter using & tractor-mounicd, mabile,
four-electrode system. These measurements were made for two
such wansects separated by B m in the fumow-imigated zlfalfa

TABLE 1. Description of Flaldy and Soils Used in Shady

Cogres of
Crep cracking® Soil type and classification
{1 12) 3
alfalfa (farrowe- Imperial gilty ¢lay: fine, montmeilonith:
irrigated) {cakarooui). hypentbermic vermc ior-

Beawy
rifluvents
medium | Clenbar clay boam; hne-slty. manomoril-
lonitic {calcarmoud), hypertienmic ver-
b woeTiuvencs
Light Haoilrville sibiy clay loam; clayey aver
Joamy, Feoatmnorilloaitic (Al RrEONE |,
hyperthermie werse wmiflevents
2lfadla {teordear- heavy Imnperial- Glenbar silty clay loam
amigared}
medivm | Ving baamy very fine sand Kamg (oase-
loamy ower clayey, mined (eabearcous)
hyperthenmic Lypec 1mifuvents
light Meoland very fine sandy boam; coarse-
boamy ovwer ¢layey, mixed (cakeaneous),
hypertherenss 1ypéc 1omifluvents
supsr beeis (fur- | beravy Impeniad-Gilenbar silty ¢lay kam/Imperial

row-irmigated) chy
medium | Imperil-Clesbar siley cay kamvirsperial
sty clay
lighe Rositas fine sand; meved, hypertieanse
IyPiC EHTIpEarmTE
*Bated on shrink-swel] potential raings provided in the classification
of the sails of the Tmperial Valley (Zimmerman 19611

=

fields. Only one transect was made in the sugar beet ficlds,
Analogous measurements were ot made in the border-irmi-
guted alfulfa felds to avord damaging the crop. These data
were acquired to determine Uve trend of average rool zone
salinity in relation to distance along the parh of imrigation. Ad-
diticnal measurements of clectrical conductivity wers made in
the furrow-irrigated fiebds at sites every 5-10 m along the
trarsects with a mobile, combination electromagnetic-induc-
tion/four-slectrode system and, m the border-irriganed fields,
using hand-held sensors. Exact site spacing varied depending
on ranacet length,

Spil samples were acquired a1 nine sites in each field. These
data, together with the analyses of the soil samples, wers ac-
quired to determing the disribution of salinity within vanous
two-dimensional regions of the scedbed and whroughout the
rocizone 1o a depth of 1.2 m, Seil salinities were determined
for the samples uging the laboratory paste procedurs of
Rhnades et ai, (1989), In the six furrow-irrigated ficlds, three
soil cores™ were acquircd al each sampling site) one core
was centered on the bed, one was centered on the furnow, and
one was centered intermediately between the other two. Within
the three border-irmigated ficlds only one '“core™ was acquired
a1 each sampling site. In all cores, soil samples were oblained
from the following depth increments: 0=15, 15-30, 30-45,
45-60, 60—90, and 30— 120 cm. This produced 162 soil sam-
ples from the furrow-irtigated fields and 54 s0il samples from
the border-imigaed fields. The soil samplés were used as
“‘ground truth™ to calibrate the instrumental sensors individ-
ually for each field condition using the spatial regression mod-
eling tochnigques of Lesch et al. (1992, 19958, 19956). A user-
friendly cofiware package iz available in this regard and
additionally for poruaying the resulls in maps and various
other graphical forms (Lesch et al. 1995¢),

RESULTS AND ANALYSIS
Soll Measurements

For cight of the pine ficlds stedied, high correspondence
was observed between measured and sensor-predicted salinity
vilues (r” levels of OLB4—0.98), These results (ned given) sug-
gest that the salisity distributions oblained with the sensor-
messurementregression methodalogy employed reflected the
true natare of the salinity levels, parterns, and distributions
pcress each survey-mransect and that the data basis for the in-
terpretations that follow is reliable. The exception was the fur
row-imigated field of medium soil texture, for which the sensor
and ground truth data did rot comelate well, possibly dus to
complex changes in 50il type within the profile and across the
field or, more likcly, an instrament glitch that occurmed in that
field —=one that required repairs and that cawsed delay and con-
fusion sbout the daca ot tee Ume, Since 1o atempt was made
to repeal the measuremenis in this field, these results will not
be reponad.

Thee average rootzont s0il salinity (expressed in werms of the
ebectrical conductivity of the saturation-pasts extract, EC,) dis-
tribation from the head (left side of figure) to the wadl {right
side of figure), hereafter referred to a8 *‘across the field,” of
the light textured, furrow-imgated sugarbeet field is presented
in Fig. 1. Though the salinity is somewhat higher in the upper
one-third of the field, it is relatively low and aniform across
the fickd, The EC, values ranged from about 1.3 to 2.0 d5/m.
These data suggest thal considerable leaching occurred rela-
tively unifoemly across the field to produce low levels of seil
salinity. The ratio of ECJEC,. for this field is equivalent o 8
leaching fraction of about 0.25-0,30, assuming siceady-state
copditions and an irfigation water electrical conductivity value,
EC.. of 1.3 dS/m for Colorada River water (Rhoades et al
1992).
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FIG. 1. Rslstion between Soll Salinity and Distance slong
Traverss Made wcross Furrow-irigated Sugar Beet Fisld with
Light-Textursd Soll

The cross-sectional distribution of salinity within the bed-

famow tegioa of the seil of the furmow-itrigated, light texmured
sugar beet field is depicted in Fig. 2. Thiz distribution is the
classical one depicted in text books wherein soil salinity is
lowest beneath the furrow and incresses symmetrically to.
wards the center of the bed and with depth, Such a distribution
is expected from the flow of imrigation water oul of the furmow
into the center of the bed, the accumulation of salt in the top
of the bed through leaching and evaporaton processes, and
the increase in salinity with depth through the interactions of
leaching and water use by crop transpiration. The salinity level
within the bed of this field & low and should not limit secdling
establishment of any crop, even salt-scnsitive ones (Maas
19900,
The level of average sodl salinity increased from the head
1o the tail of the medium texiured sugar beet ficld {see Fig.
3), The bevel of salinity in this field is higher than that ob-
served in the analogous light textured field. Tha EC, valuea
ranged from about 7 w 12 dS/m; the comesponding leaching
fraction would be less than 0.1. The averuge crom-soclional
pattern of salinity in this field is shown in Fig. 4. The salinity
distribution scross the bed in this sl deviales from the clas-
sical distribution. While there is some salinity baildup in the
edges of the: bed, thers is relatively litle accumulation of salts
in the center of the bed compared to the analogous light tex-
wred soil; rather the patiern is indicative of a vertically in-
creasing distibution (one-dimentional patern).

As the mean salinity of the soil profile increased across the
field (Fig. 3}, thers also occurred o deterministic redistribution
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FiG. 3. Palstion betwesn Soll Salintty and Distance along
Traverss Made scross Furrcw-drtgated, Sugar Beat Fleld with
Meadium:Teotured Soll
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of salinity within the specific depths of the profile. The relative
shifts observed in this regard are shown in Fig. 5 io terms of
the relative change in salinity per every 100 m of distance
scross this field traverse, as referenced to the mean destribution
for the traverse. These results show that while the average
galinity in the profile increased across the ficld. the salinity in
the top 0L5-m depih increased relatively maore rapidly and that
belew 05 m increased more slowly with respect fo the mean
profile of the entire traverse, These results imply that as the
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FG & Relative Changss (Percentage Basis) bn Distribution of
Salinity, with Refersncs 1o Mean Profils, within Soll Profiles
Every 100 m along Traverss Made scrosa Furrcw-irrigated,
Suger Beet Fleld with Medium-Textured Soll
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mean salinity increased, relatively more of the salts tended 10
bt concentrated near the soil surface comparsd o groater
depths in e peofile, Thus a lateral ranslaion of salts from
the head 10 the tail end of the field appears 1o have ocourred
in this medium lexiured suger bect fickd,

Results analogous 1o that depicted for the medivm-texiured
field in Figs. 3-5 are shown in Figs. 6-8 for the analogous,
heavy textured sugor beet field. The mean profile salinity for
this Aeld was relotively uniform through the firet 350 m; thers-
after it decreased and then steadily increased to the il end of
the traverse (Fig. 6). This ficld had previously beon irrigated
a5 two separate fislds of about 400 m each in length. Only in
the last few years had the separation been climinaed and the
field irrigated a3 one entity 800 m io length. Thus the observed
salinity patemn is still indicative of the previous management!
field sitwation. The level of mean salinity is a bit higher in this
field than it was in the analogous, medium extured sugar beet
Feld. The EC, values rarged from abour 9=15, indicating &
leaching fraction of less than 0.1, The average crosd-sectional
paticen of salinity observed in this field traverse (Fig. 7) shows
that it is, unlike the clacsical one, entirely one-dimensional and
without the appearance of any furrow/bed influence. The Lewel
of salinicy found in the average bed of the heavy =atured sugar
pect field would be too high for good siand efablishment, as
well a4 100 high for good crop growth, of many crops other
than sali-tolerant ones. As was the case with the medium tex-
tured sugar beet field, the soil salinity 1ended to redistributs
upwards (within the profile) frem the head to the tail of the
asalogous, heavy textured field (Fig. &)
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In surmmary, these data show that soil type markedly affects
salinity levels and disiributions within the soil profiles of fus-
row-irrignted sugar best fields of the Imperial Yalley in a very
detergministic way. Salinity was relatively low and uniform
across ficlds of light teatured soils, suggesting considerable
leaching throughout these fickds, The salinity accumalation
paiterns observed within the bedffurrow eavironment of these
fields was of the classical Lype, with saliz increasing tewirds
the center and top of the bed. Average salinity was much
higher in analogous, medium teatured felds and it was the
highest in heavy textured ficlds. For these types of soils, mean
salinity increased towards the 1l of the field with a concurrent
imend toward redistribution of salt from the lower part of the
profils 1o the top pan with distaoce across the field, The -
linity securmlation panern within the beds of theae fields was
pot af the classical type; mther the patiern was one-dimen-
signal with salinity increasing uniformly with depth beneath
both the fumow and bed.

The mean levels of salmity in the soil profiles scross the
bordes-Aooded, light wexmred alfalfa ficld ranged berweon
about 1.0 asd 2.5 d5/m, those of the analogous, medium tex-
tured field ranged berween 2.5 and 5.0 dS/m, and those of the
heavy-lextured feld ranged between 5.0 and 13.0 dS/m. The
trend of mean salinity in the soil profile observed across the
latter ficld is shown in Fig. 9 The increase in salinity from
the head to the il observed in this field, like that obierved
in the other ficlds with mediem and heavy textured goils, res

Bordarirrigated AHatta: Imparial Clay Soil
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Traverss Made across Border-rrigated, AHalte Flald with Heavy-
Tartured Sol
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flects the interaction of nonuniformity of water infiltration and
leaching 4sd. the laleral Lransport across the field of sabts
picked up from shallow soil depths, If the field was uniform
in soil properties, was irrigated uniformiy throughout, and lat-
emal transport did not oecur, tbe mean salinity shoukd be uni-
form acress the fleld. The aneas between the curve shown in
Fig. 9. with respect bo a straight line se4 &t & value squal o
the mean for the entire iraverse, provides 3 measure of the
nonuniformity of imigation/lesching/transport ncross the field.
From such evaluations, we concloded that infiliration unifor-
mity was peor for all of the medium and heavy wxiured fickls
studied in the Imperial Yalley.

The same trend of relative salinity increasing lowards the
top of the profile with distance from the head 1o the ail of the
field previcusly described for the medium and heavy textured,
sugar beet ficlds was also obscrved in the analogous alfalfs
fields, While no bedffurmow parterns existed in the border
fooded alfalfa fields, they did in the forrow-imigated alfalfa
ficlds, and these patterns wers essentially the same s those
previously deseribed for the sugar boet fields. These data, as
well a5 the rest of the results obtained in the other five alfalfa
fields mudied, are not prescansd since their patterns and trends
are similar to the data already prescnted,

TABLE 2. DiMerances In Irrigation Water Salinity (d5/m]) from
Head to Tell of Aun

Water Measurements

Water sample data from the tail end of each field are shown
in Table 2, These data are given in terms of the increases in
electrical conductivity observed in the tailwaters, with respect
10 the applicd imigation water, in the LE and at 5, 15, and 3
min afier the runoff had reached the end of the feld.

The EC of the LE of the tailwater was always higher than
that of the imigation water and the amount of the increase was.
in general, substantially more in the sase of the heavier texnured
sails. For the latter soils, the EC of the LE of the tmbaater wat
double or more that of the irrigation water, The analogous ic-
creass for the modium eamured soils was wsually inermediose
between that of the light and heavy teatored soils and was
somewhal mone variable in this behavior. The EC of the tail
water colleezed § enin after the passage of the LE was typically
substantially kower than that observed in the LE and was rela-
tively constint or slowly decreasing thereafier. For example, on
July 10 the EC of the initial runolf from a heavy textured soil,
boctder-Aooded alfalfa field was 2.73 d5/m higher than the waser
applied 1o the feld. Although the EC of the subsequent mnofdf
decreased with tme, the increase in EC of the tailwater com-
pared o the irrigation water was 0,98, 0.86, and 0.48 d5/m after
5, 15, ad 30 min of runoff, respectively, For the heanvy testured
soils, the relative increase in the EC of the talwater from ihe
furmowsirrigated felds was often sill very high (—0.5 d3fm or

: .. greater) after 30 min of continuous runoff.
:::r I'[E; LE[_;:," E{:}ﬁ‘ I'E[;:w The amount of all pickup in the tailwater ended 1o increase
over the imigation season, especially in the case of the heavy
fe3; Soaw beoty tesnured soils and the border-irmigated alfalfa field. For the Latier
Light sail soilifield, very litle pckup occurred in the March irrigation.
e 01z o2 008 a.0e whereas wery high increases in EC were observed in the July
e niR 018 ol 016 and August irrigations. We speculate thar these differsnces in
M:;fi“1 ez el o8 o seasonal effect ane cauted by the dner and more cracked con-
T oaz | o 02 o8 ditions of e aoil existing during the summer period.
iz 034 030 0.7 023
Wl ogs | 021 il il CONCLUSIONS
Heavy il 1
e i) by e Salinity conditions obscrved in the selected irrigated fields
s - and taved tnilwoters of the Imperial Valley were COR/E-
() Alfalfa—border irriguted tently related 1o soil Lype. a8 were the spatial wends of seil
Light soil zallnity within and scross the fields. Salinity increnses ob
W 041 020 [ %] a2 served acreia the fiekds with heavy texmred soils show that
w3 048 ax L] ] irngationeaching is markedly nonuniform across such fields,
wo 041 Q18 ol AL passibly reflecting the major atiempt in the Imperial Valley in
Madiucsol A the recent past decade 1o reduce imigation runcff, as well as
H:“ i o3 w0 —has the phenomenon of lateral soluse transport. The magnitude of
;l:; oIE ail 008 a0 the galipity levels observed in the medium and heavy textured
Wi 273 09% 0.86 a.4% soils, especinlly in the bower sections of the selected ficlds,
a7 13 078 0.51 0.40 would be expected to resull in substantial losses in alfalfa yield
T ond in significans bosses in the yields of cugar heets and other
e Adbalin - borvow gl such relatively sall-woleran: crops. The excessive levels of sa-
Light wuil linity in the bowsr acctions of the felds with heavy textured
;':,:2 E:ﬁ 3'23 g-'?: g_ﬁ soils indicate insufficient waler applicationleaching is being
220 831 als an? P al.;hmvtn m_umsc ap_:aa!ﬁ:lds with ptv:-.-?]m: managense pac-
a0 &40 831 o4 a1t tices 1o chicve optimum crop produection. _
10720 095 00 0.0s ool The concentration of salt in the rrigation water increased
Mediues soil as it flowed across the field. The increase, however, was much
WL [ (3L 017 16 greater for the heavy lextured soils, which eahibit luge cracks
W4 A0 [ 3L o1 010 and Fractures. We conclude that subazantial amounts of sal can
w0 0.2% 013 010 010 be picked up by such lateral flowing water from highly crack-
a0 .27 T2 ouw e ing soils ond discharged in the tilwater, though the schual
“;mm ot it .4 o amounts could wot be quantified in this Rtudy since the runolf
-,:3 0Er 023 a1 019 volumes wers not determined. This infersnee is supported by
813 1,78 087 an 0.70 the wary large increases observed in the tilwater ECs. as com-

'LE & leading cdge and + indicates miswtes following passape of the
leading edge.

pared 10 the EC of the applied water. Increases in EC of 0.5
dShm or more were almaos always observed in the tailwaters
emanating from heavy teaured soils, Such increases in BC
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