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Item 8§: Cease & Desist

: 2/1/06
WILLIAM C. BIANCHI, PhD
4373 San Simeon Creek Road
Cambria, CA 93428 RN
803-927-8006 S R
¥ RECENED %
Selica Potter . ] N
Acting Clerk to the Board § UMW 20BN
State Water Resourcees Control Board A T ¥
P.O. Box 100 2 Bewiwbno L

&S

Sacramen_to, CA 958120100
Dear Ms. Potter,

Involved in the solution to the San Joaquin Valley’s salt problems is the Bureau of Reclamation proposal
to discharging selenium-laced drain water into Estero Bay, San Luis Obispo County. 1 presume that this
will be part of your discussions. Not being certain that my comments to the EIS on this problem have
been included in their submission to the Board, T have included them now.

In particular I am concerned about the quality of the water that will be collected and discharged to all of
the alternatives that have been suggested, and I have included papers that were produced by our research
in the field in western Fresno County when this area would become the Westlands Irrigation District
when state water became available This area may be developing as the primary source of salinity that
will have to be dealt with in the future.

I would like to call your attention specifically to the information we developed at our lab from core
samples taken for us by the Department of Water Resources at the time that they were evaluating the soil
profiles to depth along the proposed alignment of the canal, as well as some specific sites that we used in -
our research. The Dyer paper included, demonstrates the massive quantities of native nitrates that occur

at depth yet above the perching layers that are causing the shallow drainage problem in the lower

portions of the alluvial fans. These areas are now out of production.

Enclosed is my evaluation of the quantities of nitrates that could be mobilized in the future as irrigation
continues in the area. The Bureau recognized this problem back in the 1960°s, but  don’t believe they
appreciated the inventory of nitrates that are present in the vadose zone.

Also included is a study paper indicating that even prior to state water being delivered to the Westlands
District, perch water tables were present in the area.

I have also included a list of the papers that we produced — a number of which pertain to the problems
you are experiencing in the San Joaquin Vailey.

Sincerely,

/L M

William C. Bianchi, PhD
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William C. Bianchi Ph. D
4375 San Simeon Creek Road
Cambria CA 93428
805-927-8006

8/18/2005

Gerald D. Robbins, Jr.
‘U. S. Bureau of Reclamation, Mid-Pacific Region
2800 Cottage Way, MP-720
Room, W-2930
Sacramento, CA 95825

Dear Mr. Robbins,

Please find enclosed my comments on the EIS for the San Luis Drainage Feature Re-Evaluation.
Included are four pages of comments and conclusions, plus my resume, and publications, of which
some relate to your project.

Relative to the in-Valley alternatives, when I was working under J. N. Luthin as a Research Assistant
at the University of California, Davis, gne of the applied research activities was associated with the
salinity build-up in the Imperial Valley| The Extension Service and University had test plots where
high furrows on saturated fields were ulating surface salts which were of sufficient thickness
to be harvested. This could be a technique to isolate and remove salts, particularly now when
perforated plastic conduits are readily available. As you well know, air quality issues are involved in
areas like the West side where wind velocities are significant and can lift anything off of open soil
surfaces (Owens Lake is an excellent example of this). The high-bed furrows could well modify the
particle lift significantly.

I wish you well in your endeavors. It was 45 years ago that we were thinking of this eventual
conclusion to irrigation on the west side,.

You will note from the publications listithat Bill Johnston, late of Westlands Irrigation District, was
out there with us on the West side, and he should confirm some of the conclusions that I have

reached in my analysis of the EIS.

Sincerely,
Wilham C. Bianchi, Ph. D

Cc:  Shirley Bianchi, Chair
Chair, San Luis Obispo County Board of Supervisors
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Comments on the Draft Environmental Impact Statement for San Luis drainage - May 2005
Directed|at the Ocean Disposal Aiternative
William (. Bianchi Ph.D. (Resume attached)

OCCEAN ALTURNATIVE - COSTS
Section ES 3.2 - states that Reclamation’s preferred altemative “is expected to be one of the In
Valley alternatives”. Having no access to the Plan Formation Report Addendum within this EIS
as received brings into question justification for this conclusion and its origin. Thus one must
assume that the Ocean Disposal Alternative could be of equal priority.
Section ES 3.2.6 Table ES 6 - one must assume that the minimum economic path for the ocean
outfall would be to discharge the entire 97,000 acre-feet of collected water to the ocean. This will
eliminate the regional reuse facilities which are not justified in light of the minor agricultural
productivity, the increase cost and the added O&M costs. Federal subsidization is doubtful. This
lowers Reclamation’s projected costs of Ocean Disposal Aiternative down to $484 mil. Well
below any of the other alternatives.
ALSO;
Section 2.11.4.3 - this section acknowledges that the Ocean Disposal Alternative is the least
expensive of the Out of Valley alternatives as evaluated. Yet it is indicated “ in a second
analysis” that In Valley disposal was still very close to the least cost Out of Valley alternative
regardiess of the amount of land retirement”. In Section 2.15 - Preferential Alternatives, it states
that the environmentally preferred alternative is defined as the one that promotes the “national
environmental policy”, whose “poligy” and what nationa! interests? Where in the suite of
evaluations do the negative aspects of the Ocean disposal offset its low cost?
ALSQO; ‘
Section 2.12 - mitigation, easement acquisition costs for the Ocean Discharge Alternative pipe
line are significant, yet costs ignored,
AlLSO;
Table 2.13.1- estimates the energy consumption of the Ocean Disposal Alternative as 81.4 giga
watt-hrs/yr. Where does this fit into the current power grid and California’s production problems
and were are the energy cost projectipns over the 50yr life of the project? This can not be
defined as having “no significant effect” (Table 2.13.2).
ATIVE - PIPELINE ALIGNMENT
~ Figure 5.1-8- indicates that the pipeline enters the watershed that feeds into Whale Rock Dam,
part of the fresh water supply for the area. The drain water quality fits the definition of a
hazardous waste and thus requires State regulation as such (so enter this into Table 4.1,pg 4-2,
line 14& 15) because of the potential for entry into the region’s domestic surface and
groundwater supply from possible pipeline failure. This also pertains where the pipe crosses the
Salinas River and its tributaries that fieed the groundwater use for domestic water supply.
ALSO;
Section 9.2.8 and Appendix H- Geology and Seismicity will have to be updated to relate new
setsmic data to the engineering of the pipeline from the Salinas River to Point Estero. The San
Simeon seismic event of 12/23/03 resulted in major vertical displacement and slope failure along
the proposed alignment. This is not dovered in the current review. This will result in new
construction standards and so costs must be revised accordingly.
ALSO;
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The alignment chosen traverses some of the least stable slopes in the Santa Lucia Mountains.
Here the experience on the stability of engineering structures is well documented and physically
exhibited by Cal-Trans on HY46 west. The creation of “appropriate siope design” has yet to be
achieved here even after many years. The HY46 project costs of “mitigation” will be continuing,
very large and economically significant.

ALSO; , ,
Should there be a pipeline rupture on the slopes of the Santa Lucia the results would be
disastrous not only to the water supply, but also land forms and the view shed, very important to
the tourist based economy of the area.

OCEAN DISCHARGE IMPACTS : .
Section 5.2.2-Medeling Method and Assumptions for Ocean Discharge make the definition of
the performance of the ocean discharge plume uncertain at best. The assumed concentration of
the effluent is qualified in Table D2-1 with the footnote “For purposes of this analysis the design
TDS concentration of 19,000 ppm was assumed to be equivalent to the effluent salinity.
Although this correlation is not perfect the assumption is reasonable given the preliminary nature
of this analysis™. This conditional statement also relates to the other constituents and designated
 pollutants that would be discharged in the effluent at point of release. This uncertainty reflects
the fact that little historic data has been collected for a prediction. This brings into question the
existing and projected future concentrations in the collected drain water. To correct this at the
point in time requires ranges in concentration to be estimated, tabulated and used in this draft so
that the reader is kept aware of how the degree of uncertainty relates to the conclusions drawn,
ALSO;
The same uncertainty is apparent in the description of how the pollutant plume would perform at
the outflow structure. The wide spread existing oceanographic data collected for interpretation is
recognized as site-specific and “they may not perfectly represent conditions at the proposed
outfail location”. “However, although neither a detailed long-term site-specific monitoring
program nor a hydrodynamic modeling study of the project area has been conducted to date, it is
our qualitative assessment that current data use for this analysis are reasonably representative of
the diffuser site conditions”(Emphasis added). Important here also is that overlapping plumes in
the near vicinity of the discharge point have not been treated, in particular that of the Moro Bay
City — Duke Energy outfall and also that of the nearby abalone farm (see Section-5.2.12.8).
ALSO;
Section 5.2.13.6 ~ “Water quality in Point Estero would be degraded in the mixing zone around
the diffuser. Qutside of the mixing zone, water quality is not predicted to be exceed WQOs
Water Quality Objectives resulting in no significant effect compared to the No Action a
Alternative”. Table 5.1-11 Selected Water Quality Objectives (emphasis added) fails to contain
information on the limits for nitrate nitrogen, phosphates, and suspended solids. These three
nutrient constituents (suspended soil particles can be a significant phosphate and pesticide
source) could be extremely important to the biology of the Estero Bay.-
ALSO:
Completely lacking in this EIS is a treatment in the detail as was provided for the Bay Delta of
the probable biological impacts to the Ocean equal ecology of the drain discharge. For instance,
the.chromium ion on giant kelp, nutrients on micro flora, and sediment on benthic organisims,
ALSO;, '
Table C2-7 ~ Drain water Quality ... must have been generated from groundwater modeling and
the statistical treatment (Section C2.5.2) of the available chemical analysis for the project area.
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This developed transport model is deficient in groundwater elevation historical data as no
evidence of the recognition that sample well penetration depth and aquifer profile thickness,
permeability, confinement, is treated as impacting sample well reliability, nor in the -
representation of drain water quality. The absence of any attempt at quantity and quality trend
generation indicates that the data base was too limited for validation of the groundwater model
and so the transport model. This is particularly important not only from the standpoint of the
impact on quantity and quality of the staged construction the drainage farm systems and
collection network itself but also from the standpoint of the probable relocation of irrigation
water to lands up gradient from their current location (see US Fish and Wildlife Service letter of
Nov 17 2004, “WATER NEEDS”). Currently new lands are being prepared for irrigation in the
I-5 commidor above the aqueduct. Further supporting this concern is the statement in section 131
-- AFFECTED ENVIRONMENT " A large number of arable acres in Westlands are idle in dry
years because of inadequate water supply”. "The northerly area also has lands suitable for
growing all crops and some lands suitable for growing salt tolerant crops”.

ALSO; Figure 6-5 Geohydrology Section of the Western San Joaguin Valley, misrepresents the
stratification present in the valley sediments and puts into question the groundwater flow
-assumptions used. Extensive field observations done by DWR, USBR, USGS, and the USDA-
ARS( see publications #'s 7,8,12,13,14,16,20,21,and 25 - citations attached ) in the late 1950°s
to 1960’s showed extensive clay layering above the Corcoran Clay with hydraulic conductivity
tess than concrete causing shallow perched water tables even with the limited pre-Westland’s
irrigation. This has been ignored in the project geohydrologic analysis and leads to major
questions as to the evaluation of water quality and quantity estimates used to design the Ocean
Discharge Alternative. '

ALSO;
No data is cited on the inventory of soluble constituents in the vadose zone that will be mobilized

by existing and expand upland irrigation, particularly nitrates which are native to these profiles
along with the gypsum recognized in this EIS.
ALSO;
Section 15 — Agricultural Production and Economics. No where in the treatment of salt balance
is the importation of salt in the irrigation source water and fertilizer amendments treated. The
Delta diversion is becoming more saline as it is pushed to its limits almost regularly and soluble
amendments are applied regulariy.

OCEAN IMPACTS
Section 7.2.8.2 - Aquatic and Wetland Resources - Ocean Effects states "Detailed operating
plans and development schedules for the Ocean Disposal Alternative’s major facilities have not
yet been completed. Subsequently, the following evaluation of potential operational effects to
aquatic and wetland resources is based on conceptual operating plans”. Considering the greatest
potential for impact of this toxic waste discharge will be at the point of release in the ocean
during operations the above statement would indicate that until the operational impacts are
evaluated Ocean Discharge should be abandoned as an alternative.

OCEAN ALTURNATIVE
CONCLUSIONS

The cost evaluations should be further defined to include those that have been avoided by
statements of mitigation and refined before any preferred alternative is selected on costs.
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The design capacity of the operational system and future demands on it is yet to be determined.
If constructed on current information only the IN VALLEY ALTURNATIVES alone provide the
flexability to accommodate for increased capacity that has not been acknowledged by the current

design.

The treatment of the geologic hazards “to be mitigated defined” along the alignment is out of
date and absent of local historical experience on engineering structures in the Santa Lucia’s.

The pollutant and salinity makeup of the effluent discharge is not fully described nor scaled in
concentration in sufficient accuracy to predict what the impacts might be to public health and the
ecological environment by this alternative.

Treatment of the ocean physical and ecological impacts is compietely lacking.

The QOCEAN ALTURNATIVE should be deleted as an alternative in favor of the IN VALLEY
ALRURNATIVES selected because of their flexibility to accommodate all the above future
uncertainties. '
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Publications

1. Luthin, J. N., Bianchi, W. C. Alfalfa and water table levels. Calif.
Agr. 8(6):1954.

2. Henderson, D. W., Bianchi, W. C. Doneen, L. D, Ammonia loss from
sprinkler jets. Agric. Eng. 36(6):398-399, 1955, ’

3. Bianchi, W. C., Tovey, Rhys. Method of cbtaining continuous measure-
ments of piezometric heads in shallow artesian aquifers. Agric. Eng.
41(8):516-157, 1960,

4. Tovey, Rhys, Bianchi, W. C. Positive water—level contrel in consump-
tive-use studies. Trans. ASAE, 4(1):126-127, 1961.

5. Bianchi, W. C., Tovey, Rhys. A farm drainage investigation on the
alluvial fan of the Truckee River. Univ. of Nevada Agriec. Experiment
Sta, Tech. Bul, 218, 27 pages, 1961.

6. Bianchi, W. C., Haskell, E. E. Jr., Johnson, C. E. A positive
action pump for sampling small bore wells. Soil Sei. Soc. Amer.
Proc. 26(1):86-87, 1962,

7. Bianchi, W. C., Johnston, William R. An inexpensive water-stage
recorder for use in determining hydraulic conductivity of soil by
the auger hole method. Agric. Eng. 43(4):244-227, 1962,

8. Bianchi, W. C., Haskell, E. E. Jr., and Johnston, William R. A
soil-drainage study in southwestern Fresno County. Hilgardia,
33(5):171-178, 1962.

9. Bianchi, W. C. Measuring socil moisture tension changes. Agric. Eng.
"Instrument News™ 43(7):398-399, 404, 1962. (Publiec patent appli-
cation procedures started on device here described).

10. Haskell, E. E., Jr., Bianchi, W. C. Effect of prolonged irrigation
on cotton, Agron. J. 55:202-203, 1963.

1l. Dunn, L. E., Bianchi, W. C., Thran, L. W. Characteristics and
reclamation of three Nevada salt affected soils. Agric. Exp. Sta.
Univ. of Nevada Tech, Bul. 231, 19463,

12. Bianchi, W. C., Haskell, E, E. Jr. ‘A strain gage pressure cell for
the rapid determination of hydraulic conductivity of soil cores.
Proc. ASTM 63:1227-1234, 1964.

13, Haskell, E. E., Jr., Bianchi, W. C., Pomeroy, C. R. Research in
ground-water recharge - southwestern Fresno County, Calif. Calif.
Agric. 17(9)2-3, 1963.
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14.- Haskell, E, E., Jr., Bianchi, W. C. Fixed-position device for
sampliing soil solution in depth. J. Amer. Water Wks. Assoc,
56(5):664-666, 1964.

15. Biamchi, W. C., Haskell, E. E. Jr. Field weausrement of soil water
movement during artfficial ground-water recharge. Trans. ASAE,
7(3):341-343, 1964.

16. Haskell, E. E. Jr., Bianchi, W. C. Development and dissipation
of ground-water mounds beneath square recharge basins, J. Amer.
Water Wks. Assoc. 57(3):349~353, 1965.

17. Behnke, Jerold J., Bianchi, W. C. Pressure distributions in
layered sand columns during transient and steady state flows.
Water Resources Research 1(4):557-562, 1965,

18. Bianchi, W, C., Haskell, E. E. Jr. Air in the vadose zone as it
affects water movements beneath a recharge basin. Water Resources
Research, 2(2):315-322, 1966.

19. Haskell, E. E., Jr., Leventhall, J. S., Bianchi, W. €. The use
of tritium to measure the movement of groundwater toward irrigation
wells in western Fresno County, California. J. of Geophys. Res.
71(16):3849-3859, 1966.

20. Haskell, E. E., Jr., Bianchi, W. C. The hjarologic and geologic
aspects of a perching layer - San Joaquin Valley, western Fresno
County California. Ground Water 5(4):1217, 1967.

21. Bianchi, W, C., Haskell, E. E., Jr. Field observations compared
with Dupuit-Forchheimer theory for mound height under a recharge
basin, Water Resources Research &(5):1049-1057, 1963,

22. Bianchi, w. C., Tovey, Rhys, Continuous monitoring of soil moisture
tension profiles. Trans. ASAE, 11:441-443, 447, 1968,

23. Bianchi, W, C., Tovey, Rhys. Soil moisture tension transients
assceclated with evapotranspiration from a water table. Proc. Amer.
Soc. of Soil Sci. 34(3):496-501, 1970.

24. Bianchi, W. C., Muckel, Dean C. Ground-water recharge hydrology.
ARS 41-161, 62 pp, Dec. 1970.

‘25. Nightingale, H. I., Bianchi, W, C. Rapid measurement of hydraulic
conductivity changes in slowly permeable soils, Scil Science
110(4):221-228, 1970,

26, Nightingale, H. I., Biamnchi, W. C. Ground-water recharge for urban
use: Leaky Acres Project. Ground Water 11(6):36-42, 1973.

27. Bilanchi, W. c., Lang, Geo. J. The City of Fresno's Leaky Acres
ground-water recharge Project - construction and performance,
Amer. Water Wks. Assac. 66(3):176-180, 1974,
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28. Bianchi, W. C. Powdered metal plates for constructing unsaturated
flow cells. Proc, SSSA 38(4):683~4, 1974,

29, Nightingale, H. I., Bianchi, W, C. Ground-water quality related
to irrigation with. imported surface or local ground water. Jour.
of Environ. Qual. 3(4):356-360, 1974.

30. Bianchi, W. C., H. I. Nightingale. Hammer seismic timing as a
toel for artificial recharge site selection. Proe. Soil Sci.
Amer, 39(4):747-751, 1975.

31. Bianchi, W. C., Haskell, Jr., E. E. Field observations of transient
ground-water mounds produced by artificial recharge into an unconfined
aquifer. USDA-ARS/Pub. No. W-27, August 1975.

32. Nightingale, H. I., Bianchi, Wm. C, Ground-water chemical quality
management by artificial recharge. Ground Water, 15(1):15-21, 1977.

33. Nightingale, H. I., Bianchi, Wm. C. Ground-water turbidity resulting
from artificial recharge. Ground Water, 15(2):146-155, 1977.

34, Bianchi, Wm. C. Artificial recharge and control of aquifer clogging
during well recharge. Proceedings 1llth Biennial Groundwater Con-
ference, Fresno, Ca. September 1977. Published by UC Water Resources
Center.

35. Nightingale, H. I., Bianchi, W. C. Environmental aspects of water
spreading for ground-water recharge. U.S.D.A. Technical Bulletin
No. 1368, Oct, 1977. )

36. Bianchi, W. C. Artificial ground-water recharge - state of the art:
Irrigation, Drainage and Flood Control, Vol. 1, pp. 331-355, 1978.
Publication of the Internatienal Commission on Irrigation and
Drainage. :

37. Bianchi, Wm. C., Nightingale, H, I., McCormick, R. L. A Case
history to performance evaluate water spreading projects.
Jour. Amer. Water Works Asscociation. 70(3):176-179, 1978.

38. Bilanchi, W. C., Nightingale, H. I., McCormick, R. L. Fresno,
Calif. - 1. subsurface drain collector - deep well recharge
system. Jour. Amér. Water Works Association, 70(8):427-436, 1978.
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Published abstracts - Technical Society Meetings

1) Biaachi, Wm. C., J. N. Luthin. Alfalfa ET induced water table
fluctuations, ASA, SSSA meetings - 1953,

2) Bianchi, Wm. C. A transudcer for measuring soil moisture tension
changes. ASAE meetings - 1962.

3) Bianchi, Wm. €., H. I. Nightingale. Shallow seismic timing as
a technique for ground-warer recharge site evaluation ASA, SS5saA
meetings - 1973, : -

4} Bianchi, Wm. C. Soil fileration of water. prior to deep well
injection. ASCE I&D Division Conference - 1976.
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Reprinted from SOIL SCIENCE SOCIETY OF AMERICA PROCEEDINGS
Vol. 29, No. 2, ‘March~April 1965, pages 170-176
677 South Segoe Road, Madison, Wisconsin 53711 USA

Interpretation of Chloride and Nitrate Ion Distribution Patterns in Adjacent
Irrigated and Nonirrigated Panoche Soils'

KENNETH L. DyEer?

ABSTRACT

Salt profiles of sprinkler-irrigated soils, with known crop
histories, were compared with those of adjacent soils which
had not heen irrigated..The methods described offer, for some
areas, new technigques for estimating salt movements toward the
water tahlc and for evaluating past performance of irrigation
projects.

Theoretical  toncentratinon  curves obtained using van der
Malen's applicuion of the Glueckauf theory of chromatography
were successfally firted to CI- and NOy~ concentration curves
found in soils being leached under field conditions.

The accumuintion of CI7 in the soil profile was used in con-
junction with ) concentration in the soil solution to obtain
an independent estimate of muoisture dissipated by evapotran-
spisation, Fvapatranspiration losses of sprinkler applied irriga-
tion water were estimated by this method to range from 78 to
835 in the soils under investigation, Estimates of ol applied
irripation waier calculated from the accomulation of Cl- in the
sail profile were ir pencral agreement with estimates made from
ceop histary.

¢Psoins ON THE west side of California’s San Joaquin

Valley contain large quantities of Cl- and NQ,;—~ which
may lower ground water quality when they are leached
downward 15 @ consequence of normal irrigation and/or
artificial recharge. Predictions of the pattern in which these
salts would be leached into the ground water reservoir
under cach aliernative plan of Jand use should help assure

: Contribetion from Soil and Water Conservation Research Divi-
sion, ARS, USDIA, in ¢ooperation with the California Department
of Wiater Rewonrces, Prosented before the Western S:_xciety of Soil
Science, June 19, 1963 at Palo Alto, California. Received July 27,
1964 Approred lan. 6, 1965.

2 8ait Scienust (Chemistry), Fresno Ficld Station, Southwest
Rraach, Soil and Water Conservaticn Research Division, Fresno,
Calif

the orderly development of the valley's agricultural poten-
tial, An urgent need exists for these predictions, therefore,
to accelerate the development of a workable theory, trri-
gated felds with known crop histories wete compated with
adjacent Jand which had never been irrigated. These paired
comparisons made it possible to rapidly accumulate infor-
matton which would have required many years to obtain
if the leaching process had been followed from the begin.
ning of a field’s irrigation history.

A complete history of C1—, NO,—, and water movements
following the inception of irrigation was developed for
selected soil profiles. This history allowed a study of the
boundaty conditions between leached and unleached soils
and also permitted an independent estimate of average
evapotranspiration during the years each site had been
irrigated.

Van der Molen (9} studied the desalinization of Dutch
soils by natural precipitation subsequent to their inundation
by sea water ancF found that theoretical concentration curves
could be satisfactorily fitted to the observed data using
Glueckauf's theory of chromatography (4). Gardner and
Brooks (3) and Nielsen and Biggar (7) studied the leach-
ing of salts from soil columns under unsaturated moisture
conditions and successfully used other formulas to describe
the shape of the displacement front.

EXPERIMENTAL AREA AND METHODS

Soils containing uniform salt distributions threughout their
depth profiles are ideally suited for the study of leaching processes.
Many unicrigated Panoche soils fit this description so experimental
locations for detailed study were selected from among these soils.
The alluvial deposits comprising the Panoche soils and substrata
contain poorly consolidated mudflow material which is subject to
shallow subsidence® The texture of the soils in the study area

* Shallow subsidence is shallow in the sense that the subsiding
orb!cornpactmg strata are above both the present and historic water
tables.
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Fig. 1—Chloride and nitrate ion profiles on irrigated and unirrigated Panoche soils.

ranged from leam to cay loam or silty clay loam. Occasional Per cent seil moisture (volume basis) wis ertirared byl
gravels, chunks of gypsum, and st “stones” occur throughout the plying the soil meisiure pet cent (dry weight bas.s) by an approsi-
profiles. The base exchange capacity of these sojis ranges from 15 mate volume weight factor of 1.35, -
to 4G meq/100g and averages about 23 meq/ 100g. Chloride ion was determined clatrometrcally using w silvier
Four locations were selected along the boundary separating electrode und a standard saturated calomel clectrode with o sate
irrigated and unirrigated Panoche soils.t All these sites are located bridge, The NO« + NO.- were Jetermingd by a brucine Proce-
whttre sprinkler irrigation is standard practice because of shallow dure similur to the standard method (designaed O 992-52Y of the
subsidence probiems and wneven topography. The distance sepa- ASTM {1). The only impurtant modification of this procedure wes
rating the irrigated and vnirrigated sampling sites ranged from 80 that the brucine was dissolved in methane! rather thyn chlorivis,.
te 250 feet, The ClI and NOs™ concenrrtions 1a the ol selution existing
Unirrigated profiles were sampled initially to depths of about under field moisture conditions were esHMLa foam convenrations
20 feet, then three were later sampled to 50 feet. Each irrigated . fuund 1o the 1:4 solbwater extract. It wap assuine that thede
profile wus sampled 1o a depth sufficient to include part of the <eacentrations varied inversely with soil inoisos. contens. )
zone of high Cl° concentration corresponding to that found in the Soil moisture suctions were estimaded fron poessure plate duge
adjicent wnirrigated profiles, At oge focation samples were delib- aod from moisture equilibriam datz ot Jiifes var telanive haeaidites
erately taken to depths below those jnfluenced by deep percolating established with various sulf uric acid dilutions,
irrigation water. Samples w«:n:‘:i takeg cantinuously todSO or 36 feet
{10 20 feet in the unirrigated pro les) with a han auger, each T AT
sample representing a Zoﬁndi cl:)mposbited se%menr of tl;c prokle, RESULTS AND DISCUSSION
Devper core samples were ta cen at about S-fout intervals with a - : . - NI 3.
smalil drill vig. All samples were collected) during the summer of Chloride und Nicrate fon Leaching Pucterns
1962 except f?)r the unirrigated samples below 20 feet which were OusERVED LEACHING Parresens
tukea in October, 1964 with the drill rig. . . . i
The iirigated portions of locations I and 11 were first irrigated Figure 1 compares the Cl= and NO, - profiles of the
in 1953, and before sampling the soil had been in alfalfa 4 years paired irrigated and unirrigated soils wl vich of the Toar
‘m;‘ai“ 't"j“fLeY{ 4 years. lLandh aj ?c‘““’c“ ”;e;m; ﬁr?ltfsjr:;s?ltffdifzdn locations. Deep percolating irrigation water leached the
19353 an ciore samplin ad been crop yed aifz, - . & = o o T
3 years to barley, nndpl y%a.: to cotton. Location 1V was first jeri. Cl and NO, w0 considerable dcg:th; at ol ovations. No
gated in 1950 and before sampling this soil had been cropped 3 appreciable concentrations of NG, and Cl were ubserved
vears to alfalfa, 4 years to barley, and 3 years to cottoa, o In samples from the surface 2 feet of suil: Soils from the
Tho”}“h ”‘; Hd‘;c?g“t;f 1\}{‘? percentage fa g"’t?‘*_sp “:?Ff?‘: 5:0‘:3 first three unirnigated locations have probairly been leached,
ranges from to e, the hi sam conteént 1§ s en NS LI . ) o
_kee}g’ 211 these soils 10 Kood phys?ca!ggﬁndition.r l?y natural rainfail. The fourth unirngated Iccation shows a
The soil muisture contents {dry weight basis) were determined somewhat deeper and more irregular leaching prob;lbl_y
from 20-g subsamples dried at 103C for 4 hours. After the soil caused by localized natural ﬂooding.
n:_;i]is:iurc pcrccn:ag;:s wmi: cnlculutid. sulfﬁcie_:lnt distilled water Wi;b‘ - The Cl- and NO,~ reached a BICdter inaxumm con-
a to moist soil samples to make 1:1 spil-water mixtures totai- . : o priertbe e T TN
ing :ii()o £ These 111 mi‘z:tures were shaken 4 hours, then the equi- centration in the irrigated profiles chan moche unirrigated :
librium sofutions extracted at 100 b pressure using a2 baroid ones, The reasons for the Cl - accumulilion in Pt of the'
extractor and Whatman No. 50 filter paper. These extracts were urigated profile have been discussed in conniction with the
analyzed for Cl- and NOy + NQ,". : oceurrence of this phenomenon in a colunin of Panuche -

soil leached in the faboratory (2.

‘ Appreciation is expressed to Russell Giffen and the Rabb . N M P ]
Brothers for supplying crop histories and for permitting sampling Richards et al. (8) observed less Cl- ip the sol solu-

operations or crop land.

tion than had been applied previously in the irrigation
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“ water; however, they id not sample that soil solution rep-
.. tesenting the advance front of the percolating irrigation
water wherein Cl- concentrations were probably sufficient
to offsct this defickt in the upper portion of the column.
This explination is consistent with the negative adsorption
theory uscd by Richards et al. to explain the decreasing Cl-
concentration in soil solution associated with rising ‘soil
suction levels,

Thete was a close parallel between the leaching of Cl-
and NO, - in these Panoche profiles under irrigation; so,
to avoicd reperition of similar data, all further observations
and caleulit-ons will be limited to the Ci—,

THEORETICAL LEACHING PATTERNS

Mest of ‘he transtion zones shown in Tig. 1 have the
charactenistic sigmoid shape typical of break-through curves
observed iw many investigators working with the flow of
Csalts and cther ‘tracers through seil and ion exchange
columns,

In Fig. 2 theoretical displacement curves were fitted to
the observed C field profiles using Van der Molen's ()
application of the Glueckauf theory. Field data were insuffi-
aent to pertat a projper test of the formulas used by Gard-
ner and Hraoks (3} or Nielsen and Biggar (7). Since
curves fittd by any ol these methods wagld be quite sim-
ifar, it is mprobable that data collected under field condi-
tions waou-d be sufficiently accurate to establish the superi-
ority of ane svstem over the others.

The Glieckauf theory assumes that the profile is divided
into & serixs of theoretical plates of finite height in each of
which an couilibrivm condition develops before the solu-
tion move. o to the next plate, By varying the theoretical
plate thickness, this theory adjusts to changes in the shsyc
of the traston zone caused by finite atain size and diffu-
sion of liqun] between the grains.

The thearcitcal plate thickness caleulated from the field
data was & s This value contrasts sharply with the theo-
retical plare thickness of 1.3 ¢m found in a column of one
of these e snils packed in the laboratory (2}, One
explanation {or this Jiscrepancy is that the slower average
cate of leaching prevailing in the field would permit more
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diffusion and thus require a larger theoretical plate thick-
ness. Soil structure and packing would also have much
bearing on the theoretical plate thickness.

Once the theoretical plate thickness has beca estabiished]
for a given profile and irrigation regime it should be pos-
sible to' use Van der Molen’s procedure
shape and depth of the Cl—- and NO3~ leaching fronts at
future dates as long as the same general irrigation practices
are continued.

Before the problems related lo making these predictions
of percolating water quality can be discussed it will be
necessary to define two terms. The term “piston displace-
ment™ as used in this paper indicates that a sharp boundacy
exists between the solution being displaced and that dis-
placing it, ie., no diffuse zone of mixing. The term “re-
tained water” is applied to that portion of the soil solution
which appears to be “"bound” to the soil particles and as
such 15 distinct from the main free flowing body of soil
solution. This term “'retained water” has been introduced
solely to simplify the calculations relating to the unsaty-
rated flow of saline solutions through seils, and for soils
under investigation it appears adequate (23, It is not in-
tended that this concept should in any way supplant ac
contradict the more refined theories of salt and water move-
ment such as those presented by Low (6) or Kemper {53,
In calculations pertaining to salt leaching “retained water”
was assumed to be immobile, free of Cl*- and NQ;, - . and
to be a constant percentage of the valome or oven dry
weight of cach soil. The “retained” water levels werc
roughly estimated from soil moisture percentages and pl°
curves wherein the boundary between “retained™ water and
“normal” water was taken at pF 5.66 (2). .

Tn using Van der Molen's methed to predict the future
Cl- and NOy— concentrations of soil solutions deep in the
profile it will be necessary to apply a correction factor to
account for the greater salinity of the petcolating water
which will appear immediately beneath the leached zone
compared to that previously present in the unirrigated soil
This can be accomplished by adjusting van der Molen's
value for C, upward to correspontd to the new tracer con-
centration which will prevail immediately beneath the dis-
placement front of the irrigated soil. The extent of this
increase in C, is dependent upon the increase in soil mois.
ture percentage caused by irrigation and the consequen:
loweting of the proportion of water in the retained status.
The telationship of C, to soil moisture changes is expressed
by:

. (H,0), - RET

(H, 0,
o o|(H,0), - RET

Cc

wherein Cp’ is the miodified tracer concentration in the irri.
gated profile, C, is the tracer concentration in the unirri-
gated profile, RET is the average retained water percentage
ound in the tracer containing portion of the profiles.
(H;0), is the average moisture percentage in the unicri-
gated profile, and (FH,0), is the average moisture percent-
age in the tracer containing wetted portion of the irrigated
prohle. For the Panoche soils under study C” was found
to be about 1.5 times greater than C,,.

The volume of water below the displacement front in
which the concentration C,* will prevail (zone I-G in Fig.
3) will depend largely upon the volume of water displaced
downward from the zone traversed by the diffusion front,
plus that water initially present in zome F.G. In Fig. 2

(9) to predict the
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sharpness of this wetting f{rent.

The presence of “retained”’ water permits salts to be
leached to a greater depth than would have been possible
under piston displacement, so this necessitates another
adjustment in Van der Molen's procedure. This modifica-
tion merely involves subtracting the retained water from
the total swil moisture, ie, "A" in Van der Molen's
formulas. In this way the “retained” water is no longer
considered as part of the soil solution.

The calculations described thus far are designed to give
average Cl- or NOy— concentrations found in the total
soil solution at a given depth. The Cl— and NO,— con-
centrations found in that portion of the soil solutian per-
colating downward will be somewhat higher and may be
caiculated for any part of the profile from the equation:

c' X Hao
* H,0 - RET

wherein C** 15 the Cl~ or NOy— concentration of the per-
colating fraction of the soil solution, C’ is the average con-
centration of the selected ion in the soil solution at 2 given
spot in the profile, HoO is the total moisture petcentage
of the sample under consideration, and RET is the retained
moisture percentage contained in this same sampie,

c
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o
this plateau region is not apparent because of infrequent
sampling und because of the natural variability found under
field conditions, but the j}lateau was clearly illustrated in 40r
a laboratory celumn study of a Panoche soil (2). The
boundary between C, and C’ is located between points G
and H on Fig. 3. This traasition zone is Jocated at the sof |
wetting front and its width is directly dependent upon the & 3 T 5 5

%% maistyre, volume bosis

Fig. 5—Soil moiswre distribution before und afier i igadione ar
field location 11.

The concentration of Cl- and NO,™ n the leachae
moving toward the water table in these neld s toy was abour
2.3 times that of the average soil solution in Ui unicrigated
soil profiles (between 3 and 25 feet) and aieoit 1.3 times
that found in the Cl= accumulation zone in the irricated
soils.

SoiL MOISTURE PATTERNS

Soil moisture suctions found i the irrigated and wte-
gated profiles at ficld location 2 are shown in g, 4. These
suctions were much lower in the irrigated prodle at depihs
between 5 and 40 feet than they were in the unirnguted
profile, a condition caused by decp perceluing irrigation
water in the irrigated profile. The top 5 feet of the irri
gated soil had been dried to near the wilting percentage
by transpiration of the previous crop and the top 2 feur of
soil had been dried further by evaporativn. [r 13 appareit
that the effects of irrigation on soil moisture do nor ver
extend below the 40-foot depth. The other s:ites were ot
sampled deeply enough to include the entite zone affected
by trrigation water. '
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The distrilwion of moisture i the irrigated profile at
fictd location 2 before and after irrigation s illustrated in
Fig. 5. The scil moisture labelled “after irrigation” was
determincd  dirzelly from the soil samples. The “before
irrigation” moisture was calculated from pF curves of each
soil sample ard the mosture suction for each correspond-
ing sample = the unirrigated profile shown in Fig. 4.
In these calcuictions it was assumed that the suction curve
i the irrigated profile prior to frrigation was the same as
that in the uairigrted profile at the time it was sampled.
The “ratained” water was calculated from the same pF
curves on the .wsumption that the boundary between “free”
and Tretatned " water was pF 9.66 (2).

I has been theorized by Wang et al. (10) that the abso-
lute quantity o retained water (termed inactive water by
them ) deereases somewhat at higher moisture  contents.
However, cinee a definrtive study regarding this matter had
act been made, they chose to assume that the inactive water
was @ constant uantity in their recently developed approach
to the analvsis of unsaturated flow in soils

INTERPRIATION OF Ol LracHiNG PATTERNS

The inteepreration of the leaching patterns ohserved at
shews fichd loct jon< will be based largely on the icaching
rerformance of o Paneche sandy ¢lay loam column dis-
cussed o an carlier paper (2). The depth over which the
chleride front at location T1 woutd have been leached under
theoretical "pistan™ displacement was calculated 1o be 16.1
feet (from the butial 3-foot dopth te the theoretical depth
of 101 fect). These caleulations were based on a redistri-
Pution of these chiorides which rrrigation caused to accu-
mulie n the one berween 27 and 40 feet in excess of
1e0 meq Aiter. The Gl - concentration of 180 meq/liter
was assumed (o have been in solution throughout the profile
Below 3 feet prioe to arrigation. For an lustration of this
caenlation see iz 4 of Dyer (2), The total guantity of
water ahme 101 feet, less thar initially present in the
antrrigated sonl above the original chioride front at 3 feet,
<hould be equivalent to water added to the soil profile by
rigateon, and i this case amounted to 2.76 feet. The
wurl depth of effective Teaching of Cl— and NO;— in this
crehle was 4972 {24 versus 1601 feet) greatee than would
have eecursed sndder piston displacement, an amount con-
siderabsly greaier than the 35C- (535 versus 39 inches)
sbservid in the laboratary columa (2, Water in an appa-
entle retained o stale accounted for 556 of the moisture
pestulated to cuist in the profile at location 1T betweea the
3.5 and 27 feet depths before irrigation and for 37% of
thit found altxe frrigation, Cerresponding values in the
columin study were $07% and 2745+, The main recason for
‘he preceding ciscrepancics is that the slow leaching in the
acid necessandy ocourranl at higher moisture suetions than
the faster feaching in the colomin study, Since the “re-
saned” warer remains ossentially constant in volume it
hecnmes  propertionately more significant as soils reach
higher motstiie suctions and fower total moisture contents.
Consequenthy 15 so0ils Jruin to these bigher suctions, salis
dissolved i the soil moisture will be leached to greater
depths in accor ] with ¢ontinned moisture movement.

Irrigation Performance as Deduced from Chloride
Ton Leaching Patterns

Direct comparrisens of the Cl~ and NO,~ concentra-
tions i rrrigated and unirrigated profiles as shown in Fig.
1 and 2 gave rauch useful information but fell short of a

full interpretation of the data. Additional information was
gleaned by wsing culculations which corrected or bypassed
the major imperfections of direct comparison. Briefly, this
systern made st possible to mathetmatically separate the irci-
gation water added to the soil from the native soil solution.
With this accomplished it was possible to calculate both
the quantity of irrigation water acerning in the soil and its
Cl— content. Since the quality of irrigation water applied
to the profiles was known it was then possible to calculate
the total irrigation water applied to each profilc and the
per cent of this water lost from each profile by the process
of evapotranspiration.

Existing theories of leaching indicate that the gradual
increase in Cl— and NOy;~ with depth in the unirrigated
plot at location IV could not have been transformed by
the leaching process into the abrupt front found in the
irrigated profile (Fig. 1). The salts on the unicnigated plot
probably were [cached long ago by a local stream How
which did not affect the presently irrigated plot. TFor the
pur{aose of the following calcuilations this ariginal depth
of leaching has been arbitrarily set at 40 inches below the
soil surface, a depth similar to that found at the other
unirrigated locations.

Several steps were needed to convert the raw field data
into an estimate of the Cl~ in the irrigation water in the
profile. A correction of the Cl— analysis datz was necessary
to adjust for the small amount of Cl— which some soils
release into solution when they are mechanically shaken.
This release of Cl— can be explained in part by the fact
that the clays in Panoche soils have been partly consoli-
dated prior to their redeposition in the San Joaquin Valley.
Mechanical agitation can break some of these clay pockets
thus physically releasing small qluantities of salts. Panoche
soils, which had been thoroughly leached with gypsum
saturated distilled water, were mechanically shaken in a 1:1
soil-water suspension for 4 hours. The Cl- thus releused
amounted to aboutr 0.41 meq/liter when calculated on the
basis of the moisture retained by the soil after draining to
1 atm suction.

Estimates of Cl— added to these Panoche profiles by
irrigation water based on differences in total Cl- content
of adjacent irrigated and unirrigated profiles would have
been unreliable. Small sampling errors or small varations
i the natural deposition of the Cl— initially present would
have been sufficient to obscure the comparatively small
changes in total Cl— content of the profiles caused by
irrigation.

The generalized displacement curves shown in Fig. 3
illustrate the method used in caleulations pertaining to past
irrigation performance. Average Cl— concentrations were
calculated for the soil solution from the surface to the start
of the leaching front (zone AD of Fig. 3) and trom the
5-foot depth to the start of the leaching front (zone CD
of Fig. 3). These averages wete calculated for each zone
from the formula:

i =N

~ _ [€r - nE,0),

-— i =1

Cl =
i =N
inz (H, )
=1

wherein Cl is the average Cl— concentration in megq/liter,
Cl— are the individual Cl— concentrations in meq/liter,
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J is the correction for Cl— released into solution during Table 1--Percentage of irrigatiun water Just by evopotranspira-

chemical analysis in meq/liter (a constant value of 0.41 tion and a ‘Omll’i}“‘sﬁn of o fe'.’"t"ll-c.gs“'mm of =
meqyliter was used for the Panoche soils described in this Tl IIrgRON WALEr dpplie

study), N is'the number of samples in the zone being aver- m— - -

aged, and H.O is the per cent water measured on a volume 1 T wm T T W T

bilSiS. Percent of applicd irrigation TH 8% T -5:-3'5:- TTaLeL TR =

The ierigation water accruing in the zone of diffusion e e
(ZOHE D'F Df Fib" 3) PI“S thC associated retained water ‘rc:tnlappued irrigation waked 40,3 feet In, o Bl 2os b At
(equivalent to that in zone D-E in this case) was assumed B o e
to (}DC‘ equall in quﬂ‘ntity to the water in zone D-E and was Total applicd irrigation water 20, 2 feet 20,2 Bt 1%, 0 20,7 ol =
assumed to have an overall CI— concentration equal to that a8 estimated from crop histry : e
found in zone C-D. Thus Cly. = Cl; wherein the double . o ) .
subscripts indicate the zone of Fig. 5 described. Zone C-D year, then the caleulated evapotranspiration rites would be
wias used in this estimate rather than zone A-D because the :II“l the somewhut hlghcr nnge of 83 10 89¢ for these tour =1
salt concentrations in the surface 5 feet of soil were still sites. o ]
under the strong influence of evapotranspiration. These cal- At this point it should be mentioned that the evapotran- .-
culated Cl— concentrations of zones A-1Y and D-E were spiration percentages cabeulated for locution HI wore biased
weighed according to their moisture contents and averaged by an irrigation which immediately preceded the sampling = |
together to give Cly,. of the irrigated plot. This recently added water was esu-

The u;in't-ity of ir'rigatiun water in the profile was cal- muted from ‘maisture analyses to total 0.7 l;.umlul !\\';ii adl .
culated by subtracting [rom the total quantity of water contained w“h'_“ t]h"' mcll) 3bfc§ti U{th“ !\whg'. '"i."}.i_ ‘J‘j ;
shove point £ on Fig. 3 the retained water in the zone this moisture would undoubtedly ave suon beet issipate o
triversed by the C1- diffusion front (zone B-E on Fig. 3)' as evapotranspiration 0 the long ‘l'l.t‘H.'l c\;11~\1t‘I.;fn!ntju_u.;n
plus the quantity of soil solution initially present above pereentage vxals r_ecfélcjlatf"d on thﬁj”umprg‘f”] “V]"if”‘(’ l"!u‘ v
point B, the site of the Cl- diffusion front before the soil of %hls recefut 3" ac c' “‘T‘t'ﬂ_ WU“‘ '“10”' “' ‘(‘;‘[ .1-[0.”; [l“' !

as irripated. Thus: . pro !e. Th(_le\apotr.m.splmtwn rate thus recalcudated for oz
was rigate location TII was 84.2¢.

§ = R - UAB - RET" (R — IAB) The total quantity of ierigntion water applicd to ewh . -
wherein 8 1s the total [rrigation water in the irrigated pro- profile since the inception of irrigation was cilealued from |
file, R is the total water ia the irrigated prohle above the the total Cl- added by irrigation water to the proble with -
<enter of the Cl— diffusion front, UAB is the total water the formutla: .
in the unigriguted profile in zone A-B of Fig. 3 and TAB = .-

~Is the total water Found in the irrigated profile in zone A-B. RR = S X PCI :
The term RET” represents the fraction of retained water in ICl N
_tf::j 3}(5110?-0111‘:}2”; 'Q,thﬁ:,.,if:lf::;f,‘f;l&z{o“fl:o,l;etﬂ\:igndi;fl?:‘)ﬁ The applied irrigation wates depths thus calelated e .
location 1I to be approximately 0.37. Since soil moisture gen un '1"1!{]@ 1'.'! o wrer was s st ;
tensions at these depths were similar at cach of the four The total applied srrigation” water wis alsn estinate -
locations it was presumed that 0.37 would be an adequate from the crop history of f“‘:h of “}‘-’ %‘-l’"“‘.“_'“" “:“11"-‘2 sty
estimate of the retained water fraction between depﬁ[is B ‘Fnd also Fcl?o“?d, .“]’] Tﬂg N l_' l_}n ll 1015?_}5(111;1.11.‘.\_ . i;rtt . s
and E at all the irrigated sites. ' cct of !w.ntnr was | Ouf dto ,iu; .‘ urlq CFQ,IH " lh_.r,L- uf ;

At this puint the Cl— added to the profile by irngation i?fra]?:“ cotton erop, and A0 acre-dver foc vih yelr o P
(;:2_];:;[“[;llt:iﬁ?;i,ggﬁ i:ftt}g?;ée;iorlr:ufg'e wngation water The calculated and estimated quamities u rigation ,

’ water applied at each site agreed within 105, Compen- r
= - sating errors may have contrnibuted to this deceptively good P
PCl = Clae x R/S correfation because some of the measurements wnd ostimates L

— ' -used in the calculations were themselves subjear o erron )
wherein PCl is the Cl— conceatration of irrigation water of 10% or more. ' rd
accumulating in the profile, in meqy/liter. The preceding calculations all assume a materzid balance

The evapotranspiration percentages were calculated from of the water and Cl within the soil profile and do not con- -
the formula: sider two partially compensating and presunwchly small ,

- sources of error to the Cl balance, The process of mineral o
ET = 100 el X 100 decomposition probably releases some Cl into the sol solu- i
PCL tion with passage of time. Also, somc Cl s tilien up by -
. _ plants and pecmanently removed with the crop harvest. It
wherein ET is the evapotranspiration percentage and 1C] is unlikely that any significant amount of {1 has boeen e
is the average Cl= concentration of the irrigation water applied to the Lind with fertilizers. , i
applied in meg/liter (1.6 meq/liter in the area under inves- Retained water has been shown. to have o mazor eftect on w
rigation). Values of ET calculated for the four field [oca- the leaching process in soils with moisiure levels onginally
tions are given in Table I and ranged from 78 to 85% of at, or somewhat below, the permancnt wilting percentage. re
the applied water. In all the preceding calculations water Further study will be required to satisfactonly assess the |
added as precipitation has been ignored since it is essen- effect of retained moisture when soils av other nmicasture suce -
tilly salt free, but it can easily be accounted for at this tions are leached, but in general its efect wall dimunsh
point. If the natural rainfall of about 7 inches per year is at lower moisture suctions and increase at hogher sucton —
added to the total applied irrigation water for each crop levels. |
-
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ABSTRACT

A shallow, widespread perching layer was isolated in
the alluvial profiles of western Fresao County, Califotaia.
Geolegic and hydrologic intespretations are given, based
on field and laboratory measurements of the physical proper-
ties of this layer. Some of the approaches investigated
included using existing elecuical logs from irrigacion wells,
hesd loss obscrvations in wells and piczometers, cote
drilling, and core analysis. Differences in alluvial profile
permesbilicies ere showa which resule in perched water
under the existing feld flow conditions. The quantity of
vertical flow through the layer is estimated using core
permeabilities and hydraulic gradients observed in the feld.

Hydsaulic properties and descriptiens for thé perched
zone nte presented which can be used to delineate profile
Row limitations at other locstions in the San Joaquin Valley.
The swudy may be used in estimating the rate at which this
peiched water table ¢ould rige if, in the futute, imported
water and changes in irrigation pacterns cawse a large
quantity of water co flow vertically. '

INTRODUCTION

Alluvial profiles within which water is perched
present a major restriction (o the vestical flow. Such a
resericeion resules in a saturated zome .above the
perching layer and an unsatursted zone below. This
unsaturated zone separates the perched wacer table
nydraulically from the ground water below. The
petched warer table can be beoneficial, depending on
the ground-water regimé; in many cases the perched
zone produces water through wells or prevents the
pollucion of the main ground-water body. However,
shallow perching layers may be detrimencal by imped-
ing ground-water recharge to deep aquifers, or by
causing the perched warer table to rise near the sur-
face resulting in drainage problems and dewatering
problems during foundarion excavation of engineering
structures. :

This study shows evidence that shallow, fine-
textured layers are impeding the vertical flow of
ground water in che unconsolidaced alluvial sediments

® Contribution from Scil and Water Conservation Re-
seatch Division, Agricultural Rescarch Service, U, $. De~
parimenc of Agriculture, in cooperation with the Colifocnia
Depaniment of Water Resources.

Geologist and Research Soil Scientise, tespectively,
Fresnc Ground-Water Recharge Fiedd Suation, Southwest
Branch, Soil and Water Conservation Research Divigien,
Fresna, Calijornis.

Plscyssion open until March I, 1968.
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,:I;he Hydrologic and Geologic Aspects
of a Perching Layer—San Joaquin Valley,
Western Fresno County, California’

of pa::s‘uf the San Joagquin Valley. Hydraulic proper.
ties of such a layer are presenced and could be useld
in estimating the rate at which this shallow percheld
water table will continue co rise under presenc irriga-
tion practices or would zise if irrigation wece ip-
creased. The swdy alsg exemplifies how a minimun
amount of field dara can be interpreted to isolare
impeding layers in alluvial profiles.

PHYSICAL SETTING
The aren of interest is approximacely 375 Squéze
miles on the western margin of the San Joaguin Valley
within wescern Fresno County, Califernia (Figure I
The area supporns an intensively irrigated ugriculture,
with deep wells supplying nearly all of the irrigatiun
water. The basic surface features are gendy sloping

" slluvial fans, deposited by suecams coming from the

Mount Diable Range. Bull (1964a and 1904b) hus
ptesented @ physical descripiion and geomarpholo;y
for these alluvial [ans. Previous studies by Davis unc
Poland (1957) and Davis et al. (1964) give the genery.
geology and hydrelogy telated to this study area. Croit
(1965) and Glavinovich (1964) have poirted to the
existence of other extensive c¢lay deposits in the
atluvial profiles of the San Joaquin Valley. Profle anc
water table observations were made throughour tne
study ares shown in Figure 1. Field work involving
continuous core drilling and piezometric obsuevation.
was done on the Cantua Creek fan in T. 15 5., R 16 &
Mourt Diablo Base Line Meridian.

HYDROLOGIC CONDITIONS PERTINENT TO THE
PERCHING LAYER

Woter Toble Contours

Figure | shows equal elevation contours drawn
10-foot intervals on che free water table surface in 1o
study area {ycar, 19G3). Cbservations were made ia
mote thaa 50 wells installed by varicus federal and

did not intersect a large depth ef the saturaed
prefile, thus giving 8 water table elevadun whion
characterized the perched zone.

The water table contours in Figure 1 are unifem
and smooth over the entire area. The perching layer ur
base for this water 1eble is no: lease-like buc cun-
tinugus, as large depressiens or sinks do not appr.r
in the ground-water contours. The steep coatours un
the west (C-3) indicate the edge of the Iayer or tha: it
is more permeable to the west. Alse, the contours .o
the vicinity of H-2 start to close, which i indic e
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a scurze. Uezerally, the sacer table is near the sue
face (along :ke valley sloughs) and becomes deeper
toward the mest. Observations an this shallow water
table ty idiarchi et al. (1962) show the main source to
bo water whish is applied in excrss of crop use.
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Fig. 1. Ground.water elevotion conreurs mop of the perched
tore witkin the study sreo.

Weter Takle Rise
© Tiguse 2 is a plot of the water table rise at two
retmis an Fogore 1 (Wl and W-2). The water table is

“tising at ¢ coastant rate of 8 ta 12 inches per year at
“these lneatens. This shallow water table developed

ard has cortinued o rise since irrigation was started
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Fig. 2. Watnr table vise with 1ime or lecotions W.1, and W.2,
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ples with 2,460 ppm dissolved solids and 3.4 ppm
boren have been obtained in the northem part of the
study area (Cantua Creek Fan) and samples wich 4661
ppm dissolved solids with 11 ppm boron, in the
southern portion (H-2). lrigation wells are not gener-
ally perforated in this shallow water table; the deep
itrigation wells take better quality wacer from artesian

agquifers 500-2,000 feer deep.

Eleciric Logs of Irrigation Wells

Many of the irrigation wells are electrically
logged when drilled. These logs, used to observe
relative textural and water quality changes with depth,
help in the placement of perforated casing in the well.
Use of these logs for lateral correlation of perching
layers may not always be possible. Often, thin clays
which are hydraulically impeortane are difficult to define
ot the electric logs. However, recent improvements in
technique and equipment have made such logs of more
value, Alse zones of unsaturation which are present
under major prefile limitations are no: seen if pear
saturation. These electric logs may illustrate » possi-
ble profile limitation at depth, and when interpreced in
conjunction with & field coring program, can be used
for tateral correlation. .

The existence of = thin, fine-textured layer in the
profiles of the study area is jndicated by some of the
eleciric logs of irrigation wells. The number of logs
and the quality of the logs are not sufficient for laceral
correlation, Figure 3 shows spontanesus-potential
(millivolcs) and resistivity {ohm-m'/m) logs of twe
irrigation wells {E-1, E-2, Figure 1). No attempt hss
been made to separate these profiles into texrural
classes by use of these logs. However, a relatively
fine material can be seen at approximately che [00-foot
depth on cach of the logs, These and other logs show
thac a fing-textured layer usually less than 10 feet thick
is prevalent at approximately 100 feer throughout the
genesal area sssociated with the shallow water cable.
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Fig. 3. Electric logs of irrigation wells ot logatlons E.1
and E.2,

Toward the valley slough, in the sourtheastem
part of the swudy ares, another fne-textured layer ar
approximately the G60-foot depth is represented on
electric logs (E-1).




