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IN THE DISTRICT COURT FOR THE FIFTH JUDICIAL DISTRICT

WASHAKIE COUNTY, STATE OF WYOMING

IN RE: )
)

THE GENERAL ADJUDICATION )
OF RIGHTS TO USE WATER )
IN THE BIG HORN RIVER ) Civil No, 4993
SYSTEM AND ALL OTHER )
SOQURCES, STATE OF WYO- ‘"P
MING.

VOLUME 46

Afternoon Session

Thursday, April 23, 1981
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Lnié‘;'"‘ 1 (The following proceedings
e (were continued at 1:04 p.m.
2
3 THE SPECIAL MASTER: Please come to order.

4 Mr. White?

-_;;;f ; 5 MR. WHITE: For the purposes of the record,
6 Your Honor, the State has just been handed seven
| *ij'? 7 replacement pages for Dr. Mesghinna's report which
i : = 8 we recelved on Monday.
_ff;;fi‘ 9 THE SPECIAL MASTER: Very good. Mr, Clear?
,5: i 10 MR. CLEAR: Your Honor, during the lunch
F = 11 brezk Dr. Mesghinna reminded me that we have some
oy !

12 illustrative exhibits which are helpful I think to

'.;+ . {
ﬂ ). 13 explain his testimony. They are real evidentlary
: n 14 in nature, they are more just drawings, but I think
. ,ﬁ’{: h ‘
- 15 they will put things in focus. I don't know whether

16 they have been shown to Mr. White.

- 17 MR. WHITE: I think most of them have, and
1, - 18 as we go through them =-- i
‘; * "B 19 MR. CLEAR: There are only four or so, I
R
*’ - -f. 20 +hink.

f',i-""*"‘ 21 MR, WHITE: If I have any problems, I'll

.- - 29 let the Court know, ¥Your Honor, But I have several
-, '““t'r"l
it e o3 | Of those, pictures of four of them, so we will see
ol 24 if they are the same four,
e ¥ |
W 25 MR, CLEAR:; Okay, fine, r
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) (CONTINUED) DIRECT. EXAMINATION
2 BY MR. CLEAR:
3 | Q Dr. Mesghinna, I have hung on the easel what's
4 | been marked as United States Exhibit WRIR
5 C-246. Are you familiar with that exhibit?
6 A Yeah, I'm familiar, -
7 Q Okay.
{ 8 | MR, WHITE: What was the answer? I
“" 9 couldn't hear it from here. ;
J 10 | THE WITNESS: Yes, I'm very familiar with
| " : }‘,.- 12 Q (By Mr. Cleaﬁ) Is this exhibit relevant or
| -’=-3-f 13 helpful in your explanation of your testimony
‘* 14 on evapotranspiration?
15 | .\ Yeah, it 1s important not only for evapo=-
L 16 | transpiration, but as we go along we can picture
;l 17 what we are talking about, s0 I can explain
“_ - 18 really what we mean by crop consumptive use
* 19 just from this,
20 0 Ckay.
21 A So 1f I may, shall I go into this?
22 Q sure.,
23 A Of course, this is the ground that we are
24 | irrigating, and let's assume that crops are
25 mesghiéna-diéectﬁié& |
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g - - - ,
;;f 1 growing, and for time being let's assume there's
,%& 2 | only one crop there and let's assume that this
ﬁg%ﬁ 3 - 1s alfalfa, just to make things easier. Tha
;éé 4 Crop as we can see above the surface, it lives
v ;{ 5 in soil, and beloﬁ the surface we can see’ the
{‘%f 6 xroots penetrate, Okay, what happens is when we
'fzé T apply water by irrigation, by side roll, this
f’ié 8 | is side roll or other means of irrigation, the
fx%é_ 9 | water comes out as we can see with these drops,
-~ 10 Some 6f it will be retained on the leaves:of the
g
;Tizi 11 plants, some of the water will enter deep in
1i§§3 12 the roots in here, and some 0f the water will
;éé: 13 go out a surface runoff due to the soil., 5Some
,ffi 14 | of the water will evaporate from the soil
‘i‘éﬁ 15 surface, and after the water enters down here
:;'%' 16 and taken by the roots of the crop, then the
d D 17 water has demanded by the atmosphere == or by
18 the climate in here will be transferred from
19 the root zone in the plants., After the plant
20 uses the water, the water will be transpired.
21 The amount of water which we are going to discuss
22 later on that pasees the root zone then goes
23 | through deep percolation, that is the amount
24 of water that's not going to be used by the plant
25 | mesghinna~direct~clear
T T g e e
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q i 1 | at all. It passes beyond the root zone, and 53
:i% 2 l then it will be collected by the drains as we %%
;ié'_ 3 | can. see the drains in here, and it will be taken gé
: E 4 | out from the fields. So really what we dlscuss 'E
E S | when we talk of crop. water use, we are merely ?;
~E: 6 talking .about the transpiration from the plant :?i
;gé' y gnd evaporation from the soil. That is what. ‘55
é" 8 | makes evapotranspiration equal to transpiration Efé
9 | plus evaporation. And as we can see, this will E€
10 have '.-use in the future, there will be water |
11 that's not going to be used by the plant, .
12 Some of it goes to surface runoff, some of it };2
13 | goes to deep percolation, and ﬁe see how we {%i_
] 14 are going to collect or how we are going to -,fW
:;ﬁiﬁ; 15 | come up with the necessity . --~ the necessary Sl
:;ﬁf 16 amount of water for the plant., 5So I hope this
*L?' 17 one shows a pictorial view of the situation.
:T;;ﬁ 18 THE SPECIAL MASTER: It is helpful.
y?é: 19 THE WITNESS: Okay.
“;}E 20 | MR, CLEAR: Your Honor, I'll move the -
fﬂ%j 21 admission of that exhibilit just for illustrative !
”:i;i - purposes., M
w:;a 23 | THE SPECIAL MASTER: No objection or no ég
9 24 voir dire? ;ﬁ
28 mesghinna~direct-clear f
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8 1 MR. WHITE: No objectlion with respect =~- . 23
2 | . THE SPECIAL MASTER: So WRIR C-246 is .
A B ]
_;; 3 admitted into evidence. It is a crop water -%
2 N |
+ 4 - use illustration. _!
i | N
zg? S {(Whereupon, U.S. Exhibit g;
509 L | {WRIR C~246 was hereby gl
: 6 (admitted intc. evidence. i
é

§ | 8 we stopﬁedﬁat lunﬁptimavwas I think we had ;g.

| 9 gone into the third step .of evapotranspiration, %f
10 | we had gone pp.to the point where yocu had ;1
11 desc¢ribed how in general terms you formulate g:‘
12 the irrigation consumptive use or net irrigation rl
13 | requirement of a crop... What do you do after ?;‘
14 | that? }

15 A Okay. Just to refresh our minds, first we

16 determined the potential. evaporation, then
17 | we determined the crop consumptive use, and
18 then we determined by subtracting the effective %
19 rainfall from the crop consumptive use, we f
20 | determined the net irrigation requirement, or 1%
21 a sometimes I call 1t irrigation consumptive
%i~ 22 | use, ©Okay, s0 we are at this point,
a3 23 | If we add all the net lrrigation require-
:1:j 24 ments for all the months in which the crop
”:";;- ' 25 | mesghinna~-direct-clear
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is planted ==

All the months?

During the months in which the crop is planted
Ooxr started to use water up to maturity of the

crop or harvest of the crop more or less, then

that is really the total of all of these months

LY

1s really the amount of water that’'the crop
requests,

The crop itself requires?

Yes, Okay, but the problem is if we apply the

water or 1f we dlvert that water to the stream,.

the net irrigation requirement at the stream,
All that water will not reach the point where
we want. Some of it will be lost through
seepage, some aof it will be lost through
leakage in the pipeline, and some of it, as
we sald, through deep percolation. Some of it
is surface r?noff, SO0 we remain with very few

water, which.' .ils not enough for the plant., So

we have to correct this thing in order to get
enough water at the silte or at the fields,

In order to do this there are several
things that have to be determined. One thing

is we have to determine what is our efficiency

mesghinna~direct~clear
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A 1 We call that distribution efficiency and another
ﬂ*{i 2 thing we have to consider is what is our efficiency
Hj 3 between the pumps via the canal up tﬁe diversion
2 4 structure. That is called conveyance efficiency
[ 5 and we have to determine that, And efficiency that
: 6 | we need at the farm level is called application
= 7 efficiency or sometimes they call it on-farm efficiency.
N 8 So prior to the determining the gross water requirement
9 or water duty for that matter, we have to know this
10 different irrigation efficiencles step by step,
11 Q You have to know how much water is loat before it

12 gets to the plants?

13 A Yeg., We have to do that. If we know the loss of

14 water, then we have to add that loss of water to

15 the necessary irrigation requirement, ﬁnd then

16 we divert that water.

17 Okay. This determination of efficiency in the

18 field of irrigation is quite complex and it is not

19 an easy method and there might be fewer field formulas
20 here and there, but people have to use their judgment-
21 on it as much as they can. ”While I am here, it is

29 important to note, I guess,:that irrigation is not =-
93 the field of irrigation is not really a complete

24 | sclence. It is a combination of science and art,

25 | mesghinna~direct=clear

J——
Ll ﬂ-*'-'.-ﬂ-l“m-_. ol W rﬁH—f-i-h—’-#—'urﬂ—-ﬂl-p-—---mn—-.Fi-hlﬂm e

i S —
409 WEST 24T SThHEET FRONTIER REPORTIN
CHEYENKE, WY B2001Y REFOR O SEAYVICE 200 WMDVEST BUN LG

" ENNE W CASPEH, WY 82001
I (3071 635-8260 (371 237 145




4105

more or less, so there are a lot of judgments that
enter into the works of irrigation design, meaning
scientific judgments. They are not judgments just
from the -~ {pause) Okay.

So our work is now to determine the application

efficiency. After we find that efficiency, we deter-

"ff}r~ 7 mine the distribution efficiency and then the convey-
g 8 ance efficiency. After we determine all of those,
_.: 9 there is what we call "overall efficiency”. So that
,f;;ﬁ 10 is a combination of these three efficiencies in a
fflf' 11 sense, in short mathematical, for overall efficiency
T 12 is nothing 5ut agplication efficiency times dis-
:_j“ 13 tribution efficiency times conveyance efficlency.
‘_,_ﬁ, 14 TEE SPECIAL MASTER: In that formula, do you
s 15 apply the credit for return gf_deppur to outlet
_i 16 or a credit for deep:percolation of engine’to outlet,
g e 17 or for --
= 18 THE WITNESS: In that formula we don!t consider
— 19 the water that can be ugsed after it is outlet,
i i 20 because we believe that eventually that water is
: 1 21 going to £ind its way in thé streams back and can
.%_#. 29 be used agaln, §So really whdt we ;re trying to do
T 23 is quantify the amount of water lost on the way
:::! 24 coming from the diversion to the point of water use,
';_ﬂ{ 25 mesghinna-direct-clear
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10

11
12
13
14
15
16
17
18
19
20

21

22

Now, before I go to determining the overall
efficiency, now, we have some kind of perspective
what we are looking for. I think it would be a
better idea if we enter into the on—farm.ﬁystems
deslgn, because while we are there we'll discuss

the application efficiency.
THE SPECIAL MASTER: Let's do it.
THE WITNESS: Okay. I think that is easier.
MR. CLEAR: Yeah, you're the bhoss,
0 (By Mr. Clear) So let's go on to number four on

farm systems design and can you explain what that

is and what you did in relation to it?

A When I say "on-farms systems design" I am specifically
talking to the fields themselves.

Q The flelds?

A The fields, at the field level. I wish I could show

in a map just what a field means, really.

Q Well, we have -- or we had --

{ At this time Myx, Echohawk and Mr. Clear moved

a map to the board.)

0 (By Mr. Clear) On the top of the board I just put
on the easel is Exhibit WRIR C-249, I don't want
you to go into what that shows, but you wanted to

show us wvhat you meant by a "field"., 1Is that useful

mesqghinna-direct-clear
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to you?

Yeah. - So pedpie will have in their minds what I

am talking about, so it's not in the abstract, I

just want to show what a field is,.

‘Use that and show us what you mean by a field.

F MR, .WHITE: Your Honor, I would like to inter-
pose an objection i1f this is used for anything but
Lillustrative purposes. This exhibit also falls

outside of the ten day rule, or within the ten days.

THE SPECIAL MASTER: If this is used just for

illustrative purposes, I'll overrxule the objection.

Go ahead.

mesghinna~direct~clear
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1 A. Just to show what I mean by fields. As you see, W€
2 | have different fields, For example,i:this is one
3 field, this is the boundary by this area, This is
- 4 another field, This is another field. This is
- 5 - another field. All those areas with the boundaries
;_ 6 are fields, So each and every 6f this field has
}* 7 | been studied by itself,
- 8 So when I say a field, I'm talking of one plot
Zj 9 of land. For example, this is one field, you know,
10 | THE SPECIAL MASTER: Yeah, one plot of land.
11 | THE WITNESS: One plot of land.
12 THE SPECIAL MASTER: Yeah, very good.
13 THE WITNESS: That's what I mean,
14 Q. (By Mr. Clear) Okay.
15 | A Okay. When we talk on the on-farm systems design,
16 what we're trying to do is we are trying to put
17 together what we have learned so far, We have
18 learned -- I mean, we have learned what climate
19 is, what cropping pattern is, what evapotranspira-
20 tion is. Okay, so all these things relate to the
21 atmosphere and the plant water needs.
29 Okay, so we have to add into this other things,
23 guch as the soil., Okay, HKM has discussed the soil
24 and we have to relate the plant and the soil, we-
25 mesghinna - direct - clear
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e 1 b
fl"é" ave to get it together -- we have to put it
ﬁ 2 together, In a sense, what we _will do is we will
‘5'% 3 put together the relationship of the plant, the
.%: 4 water and the soil,
: 5 Q. Okay .
, _- 6 A, Because these are the things that make up the
= 7 vield,
1 8 | @  Uh-huh,
9 A So, the important thing is to put all these things ;
10 for each of the fields, the crop water requirements E;
11 and the soll characteristics, Now, what are the r:
1 12 most important things in terms of system design, h
i - 13 crop characteristics? Well, the most important or L
= = 14 a paramount lmportant crop characteristic is the
i B 15 water-holding capacity of the soil. ;
':- 16 Q Of the soil? Should we go back to your -- to that
. 17 other drawing we had or --
= “Tibnt 18 A, Okay .
& 19 Q. -~ 0 show what we're talking about?
¥ 1 : 20 | A Yeah, we can do that,
I 21 Okay, we have studied the atmosphere in here
= n9 as evapotranspiration and crop consumptive use, and
M 23 now the plant is there and we want to relate the 1
#—:: 24 water that is to be absorbed in here later to be :
"B 25 | mesghinna - direct - clear
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23
24

25

mesghinna - direct ~ clear

Unless we know the capacity of

the water to hold in here (indicating), we won't be

able to define the plant. We won't be able to“design

We have to quantify

our system. So we have to know.

how much water is available, can be available, can be

stored to be used by the plant in the subsurface of

the soil.

The other thing of importance:in this- on=farm
system design is the intake rate of the soill. The
intake rate of the soil is nothing but the amount

of water that enters into the soil that can perco-

late into the soil per hour., In most cases it is --

it's units or inches per hour.

THE SPECIAL MASTER: Is the term -~- Yesterday

we lived all day long with horizontal --

MR, WHITE: Do you mean hydraulic conductivity?

THE SPECIAL MASTER: Yeah, we talked about

horizontal conductivity. Could this be vertical

gravity hydraulic conductivity?

THE WITNESS: Yes, sir, you can call it more

-- it is the verticél -

THE SPECIAL MASTER: Saturation or absorption?

THE WITNESS: Yeah, vertical entrance of water,

The ability of the water to enter through the soil.

—
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A.

Let me give you an example, Let's take clay
soil. Clay is a very tight soil, meaning that it
is a very cohesive so0il. The texture of the soil
is held together and the soils are so fine in order
for water to penetrate through it, it takes more
time, However, if we have granular soil, which is
soil like sand, and if we apply water into it, the
water will be absorbed, enter quite easily as com-
pared to clay.

So when we say intake rate of the soll, it is
the ability of the soil to let water enter down in
here.

THE SPECIAL MASTER: Does your science include
the science and study of texture of soils to deter-

mine that, too, or do you accept the other profes-

sionals' judgment on that?

THE WITNESS: Well, we have to know the texture

of the soil, and that is very important. And I will

come to it —-=-
THE SPECIAL MASTER: Okay.
THE WITNESS: == later on.

THE SPECIAL MASTER: All right,

(Resumed) The other thing of importance in the

on—-farm system deslgn besides water~holding capacity

masghinna -~ direct - clear
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and intake rate is the root depths of the crop.
What I mean by this is every crop has an ability

to penetrate into the ground and take water from
the ground, Some of them are very efficient. They

can go down, way down, in the ground and take water,

and some of them are not that efficient and they

can't take water, only from the upper part of the
soil.

To give you an example, for example, alfalfa
can go deep as compared to, say, for example, small
grain or pasture which have shallower root depths.

So the soil depths should be related to the root

depths of the plants.

Okay., S0, now, I discussed about what water-
holding capacity of the so0il, I discussed about the
intake rate of the soil, I discussed about the root
depths of the soil, and I discussed earlier before
the crop consumptive use of the plant. So we have

defined really the immediate environment of the

plant.
The next thing ls we have to put these things

together so as that they can be interrelated because

one without the other cannot work.

Okay, just to give more explanation so as that
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1 we'll have clear -- so that it will be clear in the
2 minds of everyone: the higher the water capacity,
3 the higher the water-holding capacity of the soil,
4 | the better the soil is, The reason for this is be-
5 | cause if -~ what we're trying to say is if I can
6 store more water in the root zoﬁe » 1f I can store
7 more water in the root zone, then it will take me
8 more days to irrigate (sic). I don't have to come
9 I every now and then and irrigate because there is
10 water stored in the root zone in hexre, And on the
11 other side, let's see what intake rate means, If
Ffl__ 12 | the so0il is very tight soil and water cannot pene-
‘"'.:.; 13 | trate easily, what will happen is if I put more
; e 14 water into it, either there will be ponding or sur-
T'—:; 15 face runoff or I have to change my management, and
;.i}:‘: 16 | that is I have to put the crop -~ I mean, I have to
i 17 apply the water in very slow manner so as that most
18 of the water can enter down into the soil,
19 So what we are trying to say is now we have to
20 relate the intake rate of the soil with the sprinkler
21 itself, Because 1f I bring a sprinkler that has a
29 nozzle size, high size, it will apply water, the :
23 amount of water that I want per day. But most of i
24 the water might be lost,.
25 | mesghinna - direct - clear
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So what I have to do is I have to be careful
that I have to apply the water, if the soil is
tight, I have to apply the water in a small amount
so that -- to be sure that the water enters into
the ground., So these are the things that we want
to relate together.

Okay, how do you determine water-holding capa-
city? First of all, water-~holding capacity is mainly
a function of texture of the soil. So each soil, say,
sandy soil or clay soil or silt soil or gravelly soil
has a certain ~- can hold a certain amount of water.
It can hold a certain amount of water in it,

And how do we determine that each of these soils
can hold a certain amount of water? Well, this one
igs -~ a lot of work has been done on this and some
irrigation handbooks relate textures versus water-
holding capacity. And we used some handbooks, such

as Irrigation Handbook by Amos; secondly, we used

the Israelson and Hanson to a certain extent, which
igs Irrigation Principles book from Utah State., We
also have used the water-holding capacity that has
been done iﬁ connection at the Midvale Irrigation

District, which is Soil Survey of Riverton,

So, we put all these things together and we
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came up with water-holding capacity versus texture
2 and the same thing with intake rate, Okay, but what

N we know is only a certain texture can have a certain

4 | water-holding capacity. But the ground, the actual
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1 THE SPECIAL MASTER: For each plot of [
y/ ground? l
3 THE WITNESS: Yes, for each volume that I
4 we have, for each plot. ?
5 THE SPECIAL MASTER: For each plot? E
6 THE WITNESS: Well, wherever there 1s a i?
7 boring hole that has been -- i]
8 TlilE SPECIAL MASTER: A bored hole? ;
9 Q (By Mr. Clear)} Where did you get the hored %
10 holes? @
11 A Yes, and HKM provides us with soil logs. We é?
12 took their soil logs and we plotted them in !%
13 our working plans, our working plans., After fg
14 we did that we took each and every log that we {E
15 can and we see on the soll profile what kind IE
16 of soilil textures are there, complete soil &é
17 textufes are there, then we determined the i
18 welghted water holding capacity. I think it ii
19 would be a good idea if I can jot down what %
20 thése water hélding-capacities -~
21 THE SPECIAL MASTER: Why don't you use
22 the other half of the blackboard, 1f it's
23 agreeable to Counsel. You can bring that
24 exhibit down, too, if you wish, Okay.
25 mesghinna-direct-clear

e s s

-—

.
N e

400 WEST 24TH STRELT YRONTILR REPOATING SEAVICE 201 MIDWEST B AL LN =
CHEYERNE, WY B200D CASPER, WY 42001




) T T 4117
1 {(Brief pause.
2 THE SPECIAL MASTER: You can put it down.
3 | I wish you would, in fact, That's better.
4 Just set it down anywhere.
5 l THE WITNESS: Let's assume this is the
6 ground, ground surface.
” ({5°52553R¢ on'the black-
8 (board.
9 Here are the plants you're growing, and
10 | here are roots, roots growing over here. Now,
11 let's assume there 1is a log here, blank log
12 that goes like this., Let’s assume that the
13 soil has =- log has different soil textures,

|

14 And let's call, for simplicities sake, the first
15 paxt D4, depths 1. It can be feet or feets,
16 whatever. The second one is Dgy; third one is
17 Da; fourth, Dy. Okay. And I have stated earlier
18 that for each of the textures, since we know
19 the texture in here, we know the water holding
20 capacity for each of the textures, Let's call
21 | this one water holding capacityf1, water holding
22 | capacity ',, water holding capacity 4+ Water
23 ! holdi?g capacity 4. We know the water holding
24 - capacities for each of the stratum in here, but

25 i mesghinna~direct~clear
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we don't know the -hole . depths, so-wg have ' -
to devise a way on how to estimate this overall

water holding capacity or average weighted water

holding capacity.

We know these depths from here because it
is in the log. For the time being I want’to
call this one (witness indicating} D weilghted,

D depths weighted total, weighted total.

THE SPECIAL MASTER: Weilghted total depths?
Welghted total.

THE WITNESS: Now, the overall water
holding capacity that I have to discuss about,

- the whole thing in here is water holding capacity
welghted of overall is equal to Depths 4 divided
by water holding capacity 1 times total Depths,
DWp plus the second Depths over the second water
holding capacity times DWT, plus the third ﬁepths
over water holding capacity 3 times DWT, plus
Depths , over water holding capacity 2 times

This is DWp times water holding capacity 17

(witness indicating), DW,, times water holding

capacity 5, DWp times water holding capacity Y,
DWyp times water holding capacity 4+ In a sense

mesqghinna~direct-clear
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what we are doing is the ratio of the water
holding capacity of this one over all the
depths 1is this (indicating), Depths 1 Over total
depths., Means that the proportion of water

holding capacity of this depths is this times

the water holding capacity 1

THE SPECIAL MASTER: Why can't you take
£inding the simplistic root of my moronic
mind, which should go to add 1, 2, 3.and 4,
getting tne total of what, ten, and divide by
four and come up with a two and a half of the

welghted average for that area?

THE WITNESS: Okay, that would be good if
all these are equal, all the depths are equal,

but the depths are not equal, I mean, the

strata of the soll are not, you know, made

equally. Some of them are =-

THE SPECIAL MASTER: Deeper?

THE WITNESS: The clay might be deeper,
and sometimes the so0il might be only a few
inches or something of that sort. So in order

to have a proporticnate weighting water

holding capacity we have to ftake into consideration

what each soll strata represents in terms of

mesghinna~direct-clear
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water holding capacity. So that's the reason
we have to go through this long way.

THE SPECIAL MASTER: I see your numbers

1, 2, 3 and 4 are just designations, they are

not your results?
THE WITNESS: They are not. This might
be only two depths, might be three depths,
might only be one, or, I mean, only one soll
all the way; it might be seven different kinds
of soils., This is just to show the approach
of the water. That's why I didn't put different
depths -—= I mean, two feet, one foot or something

of this sort.

Okay, this is how we determined the water -

weilghted water holding capacity of a different =-

of a different soil log. That soil log, as you
wlll see in the future, will present certain
areas on the fields, Now, I said something about
DWn. Now, let me stay here,

DWm 1s nothing but {he welghted total of
the crops. S0 DWq 1s always about 4,5 feet,

MR. CLEAR: I think you == explain in

lay terms what the 4.5 feet is.
% % % % %
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'*?ﬂ 1 A Okay what I am trying to say about the formula, i%{
2 it is -~ now we have 67 percent of alfalfa E*
3 growing there in actuality as is proposed by ‘55
4 the econamist,.and there is 12 percent of corn ?
5 growing there and the rest 1s small grain. Now, ;
6 if we come up with a weighted average of all }E
” the crops, there. effective root depths, it will | .E
8 be 4.5, Say, for example, if alfalfa is five .?
9 feet, let's assume ~= let's say that, which f?
10 is usually the case, alfalfa takes water up to ﬁ
11 depths of five feet down, and if we say corn 37
12 takes water from " 3:'to 4 feet, and let's assume
13 it is 3.5 feet and 1f we assume that small
14 grain takes all the way from about 2,5 feet
15 to about 3.5 or 3,75 feet, if we say on the
16 average it consumes water from as deep as 3.235
17 feet, and if we apply the porportion of this
18 crop in pattern, i1f we multiply 67 percent by
19 five feet, 12 percent by 3.5 feet, then whatever
20 is left on the small grain, which is ~=- 16 plus §
21 in the lower areas ~- 21 pexcent by 3.25, we'll
22 come up with a weighted root depth of 4.5. So
23 it is the weighted root depths of all the crops,
24 you see, We have to combine them together.
25 mesghinna-direct-clear %
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That's your weighted average root depths?

That's the weilghted éﬁerage root depth.
Now, the question might arise that,

"Hey, some of the logs are quite shallow as

have been provided by HKM and some of them

are deep, greater than 4.5 feet., What do you

do on this problem?"

Okay. Let me go through the simpliest

one first. If it is greater than 4.5 feet,

well and good. You assume if the plant can
take water from the 4.5 feet, beyond that it
can't take it, So if we have six feet of
water, we don't say the plant takes from six
feet down., It takes only up to 4.5 feet.

However, there is a problem that ariges

there., How do you know the rest of the stuff .

if the borings are shallower than 4.5 =--

Let me see if I understand. If the boring was
four and ~- four and a half feet, you disregarded
any information below four and a half feet?

Yes, because the assumption. that we have to

make is the plant can take water only up to
depths of 4.5 feet.

Q And everything below that is irrelevant?
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1| A As far as the plant. is concerned. It's going
2 to deep percolation or some sort, Okay.

3 You see, plants have == they have some

4 kind of mechanism. If the head is -- the head
5 that they have to draw is too much for them,

6 they can't take it, you know. So 1t can't take -=-
[ we're saying that the plants on the average are
8 not taking below 4.5 feet,

3 Q Now we go to the example with the HKM bore

10 hole which did not go to 4.5 feet, and you're

11 going to tell us what you did there to determine
12 the water holding capacility?

13 A Okay, ves. Now, let's assume that for that matter
14 we have only a log that says 12 inch ==

15 THE SPECIAL MASTER: Says what?

16 THE WITNESS: Twelve inch,

17 THE SPECIAL MASTER: - One foot,

18 A Just to make things easier, what do we do if

19 this 12 inch -~ you tell me that you need 4.5

20 feet 0of root depths and how are we going to

21 grow crop there? Okay.

22 So in order to answer this question, first
23 what we do is we take the 12 inch, which is

24 l equal to one feet, so the water holding capacity
25 | mesghinna=-direct=~clear
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total would equal that one feet which is 12

inch of this one, over 12.5 feet, times the
water from the capacity of that soil texture,
What we do is if HRM gives or says that the
s0ll below this is gravelly soil --

THE SPECIAL MASTER: What if they say the

s0il beyond that one foot is a barrier?

THE WITNESS: By definition the barriler

is at six feet.

THE SPECIAL MASTER: You don't deal with

barriers closer to the surface than six feet?
THE WITNESS: We will when it comes to

drainage.

TRE SPECIAL MASTER:. GO back to your own

definition, then. It's gravelly.
Let's say gravelly or for some matter the
driller quit hils drilling from there, so what

we are assuming, we assume the water holding

capacity of the rest, 3.5 feet of gravelly soil,

Gravelly soll has a very low water holding
capacity, so what we are doing is we are

punishing ourselves on the water holding capacity

on the rest of the profile. What it means is

that we are taking a conservative estimate,
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meaning we are saying that the soil can hold
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only very few water and as I have stated it
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earlier, if the water can hold a small amount 1

of water, then you have to irrigate every now

and then, which means more equipment, which

ke e * o "sras
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neans more cost on your investment., AsS we see
it, later on this will be reflected in some f
of the units which have more of the sandy or

gravelly soll, they have the higher costs.

THE SPECIAL MASTER: You would identify
those as less efficlient or more expensive?

THE WITNESS: More expensive, and even i

less efficient, yeah,
THE SPECIAL MASTER: Yeah.

A So what we do for the rest of this one, if they
say gravelly, then we take all the way gravelly.
The 3.5 feet would be gravelly soil, and when
we say "Gravel” it's not pure gravel; it has
some fine soils into 1t. It can hold a little
amount of water, It can hold it but not as good
as loam or clay or silt or even sand soil. 8o
the rest, 3.5 feet, will be 3.5 feet over 4.5
feet times the water holding capacity of that

specific soil, 5o this is how we come up with
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f% - n -
f‘ﬁ 1 the different kinds of soll depths that we
:_: 2 | have for all the areas where we have loss.
"_‘;‘:3{‘:%' 3 THE SPECIAL MASTER: 1Is the science 80
| E f 4 advanced that computer companies put out hand-
e'f’ 5 held computers on which these formulas can
:Z 6 be cranked out and get your answer, or do you
;'-‘!‘5 * T just use a computer to do that?
ﬁ 8 THE WITNESS: This part of the area, one
: 9 has to see each part of the soll, what they call
C@ 10 the "Stratum" is a very painstaking job and
aﬂ 11 it has to be done manually.
# 12 THE SPECIAL MASTER: By hand?
| z 13 | THE WITNESS: And people have to spend a
ﬁ 14 lot of time going through this and putting
ﬁ 15 together. But after we put all theése things
z 16 to analyze it, 1f one has to go through hand
55 17 calculations, it will take him years and years
gse 18 probahiy to come up with what we ai'e trying to
| *ge 19 show is efficlency and gross water :application.
::: 20 So we have a completed program calléd . on
-Agl' 21 farm systems design program.
esr’ 22
*ﬁ 23 X & K K &
25 | mesghinna~direct=-clear
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(By Mr. Clear) Can I ask you a question? UNow, you
were testifying about the weighted average holding
capacity of the HKM logs. How many logs did you

figure out the weighted average, weighted holding

capacity for?

A. Well, I can't exactly remember the number of logs.

Q. Uh-huh,

A, But we made sure that each field gets, you know,
something, Thilis does not mean that there are

fields, some fields, which don't have, you know,

11 logs of that kind.

12 Q. Uh-huh,

13 A What we do is we go to the nearest point, to the
14 nearest boring log and we apply that value.

15 What I asked, did you figure out the weighted hold-

16 ing capacity for each and every log?

17 For each and ever log,

18 Okay.

19 In the North Crowheart there can be hundreds, you

20 know, and we have to do that for each and every

21 log, We have determined the water-holding capacity

29 and the intake rate for all of these acres.
23 THE SPECIAL MASTER: You've been testifying

24 about an hour, Do you want to take a little break?

25 mesghinna - direct - clear
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THE WITNESS: That would be very nice,

THE SPECIAL MASTER: All right, let's take a
ten-minute recess,

(Recess, 1:56 p.m, to 2:10 p.m,

THE SPECIAIL MASTER: Shall we come to order,
please, |

Proceed, Mr., Clear.
(By Mr. Clear) All right., Are we still on water-
holding capacity?

MR. WHITE: I think we are on the computer,
I think we beat it to death now. 8o =-
(By Mr, Clear) Okay.
And:if needed so, we'll come back later on and it
will enter into other things and we'll relate it
with the other things.
Uh-huh, Okay. Now, you have determined the weighted
water-holding capacity for each hole and the intake
rate for each hole, What did you do with that infor-
mation?
Okay. Now, we determined this soil characteristic

data and we have to relate it with the plant and the

crop consumptive use,

Uh-huh .

And how do we do that? Okay, first, what we have to
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P 1 do is we have to transfer this data to our working
e 2 maps .
S 3| ¢  Uh-huh,
= 4
| A. When we transfer it there, there will be the water-
;!!i > logging capacity and the intake rate and the other
o) 6 - necessary things,
’!”9 7 Q- Uh"'hllh-
o ‘
- 8 A, From that then we make a layout of the fields,
F‘;'% 9 4] Uh~-huh, Like those total units you pointed out on
- 10 the ~-
F[‘s 11 A Yes, the fields that I pointed out before.
’ 12 Q Right,
g 13 A, Okay .
gt 14 THE SPECIAL MASTER: Which we have called plots,
2 15 we have called them fields and we have called then
16 tracts, aAnd should we make one word for --
17 MR. CLEAR: We were calling them on-farm systems
18 design, Should we call them fields?
19 THE SPECIAL MASTER: Yeah, Well, that's not
20 literally or figuratively true.
21 MR, WHITE: We would stipulate to "field",
23 THE SPECIAL MASTER: All right, let's use
24 “"field" from now on, "fleld" from now on for the

25 | mesghinna - direct =~ clear
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one word,

- THE WITNESS: Okay.

3 A. So we transferred the data in each of the fields,

4 and what we have to do is now we have the boundaries
S | of the irrigable lands.
6 THE REPORTER: I'm sorry.
7 | THE WITNESS: The irrigable lands --
8 | THE SPECIAL MASTER: Irrigable.
9 A, -~ from HKM and that is also transferred into our
10 | working map,
11 | MR, WHITE: Your Honor, I would move to strike f
12 the answer because the HKM data which is in evidence :ﬁ
13 all relates to arable. 1ié
14 THE SPECIAL MASTER: I was about to =-- :E
15 Do you mean arable? i
16 THE WITNESS: I mean arable.
17 THE SPECIAL MASTER: Not irrigable, but arable,
18 That is my fault, Lamont, not yvours, I tried to
19 prompt the reporter and I loused it up.
20 Okay, Okay. Arable,
Y 21 A, On the arable lands one thing that we have to be
,%"' 99 careful in putting the fields there is we don't ;
4 ? 23 just put the field because it looks nice this way %
_; 24 and it looks better that way and so on. We have j
'.L - 25 | mesghinna ~ direct - clear
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to consider some things as to topography of the

2 field as to the slope of the field and so on, And

3 we try to put as much as we can -~ this is not al- |
4 ways true -~ as much as we can we plot the fields f
5 so that the sprinkler lateral, the lateral lines é
6 will be on slope parallel with ﬁhe glope of the |
1 land. @
8 4] (By Mr. Clear) Uh-huh,

9 A. Okay. Then after that, after we plotted each field,

10 we try to see the dimensions of the field, meaning !
11 the length of the field and the width of the field, !j
12 This field, when we put the field, it took us a long \5
13 time and there has been several changes. You know, f
14 we improve it every now and then until we think we E
15 are near perfection, Of course, we started with ;E
16 84,000 acres of arable land and we have cut it down ~ $
17 £o less than 54,000, This is due to sometimes leav- %
18 ing areas when we square off -- E

19 | @  Uh-huh,

20 A. Sometimes mainly too high to irrigate it and, you

21 know, that kind of makes sense,

29 THE SPECIAL MASTER: Just a moment, please, |
23 Wwill the reporter please go back and read that to :
24 me, the figures on arable lands reduced to certain

29 mesghinna - direct - clear
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arable lands?

(The above portion of the
(answer was read back by the
(reporter as follows; "~- we
(started with 84,000 acres of
(arable land and we have cut

(it down to less than 54,000,
(This is due to sometimes leav-
(ing areas when we square off ~--"

THE SPECIAL MASTER: Go ahead, Mr, Clear.
0. (By Mr, Clear) Dr. Mesghinna, vou mentioned just
a little while ago in laying out vour fields, you

tried to lay them out parallel to the contours be-

cause of slope, is that -~

A. Yeah, because we want to have the laterals to be

as level as we can as much as possible, although

in sprinkler irrigation that's not necessary., But
it will be better 1f it is as level as can be., So
if we put it parallel with the contour, then there's
not much change in the, vyou know, the differences

of slope between the beginning of the lateral and
the end of the lateral, The beginning of the lateral
is here (indicating) and the end of the lateral is

here, 8So we don't want to have ~-

0 Excuse me, I thought you were pointing to an exhibit
I have just put up, It is United States WRIR C-247,

which is another one of the illustrationg «--

mesghinna - direct ~ clear
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THE SPECIAL MASTER: Entitled, "Side Roll".

MR. CLEAR: Entitled, "Side Roll".

So we'll try —-- what we are trying to do is we are
trying to, if the contour is going like this (indi-
cating), we'll try to put it with the contour as
much as we can, but this is not necessarily true in
all cases, If we cannot do that, then we have to
go the other way, you know.

(By Mr. Clear) Uh-huh, What's the -~ Do you have
a limit on the amount of slope in a field or did
you =--

Well, as you probably know, according to the soil
clagsification, the maximum you can go is 20 percent
gslope, 20 percent slope. But as to my recollection,
I don't think we have greater than between 10 and
15 percent, We have eliminated as much as possible
those areas that have high slopes.

THE SPECIAIL MASTER: Of your total acreage
that you're going to recommend, how much of that
would be between 10 and 15, relatively little?

A very, very small, extremely small, probably, oh,
fhis is just approximately, I mean just -~ probably
10 percent or 5 percent, something of that sort,

Well, in order to have a better understanding of

mesghinna - direct - clear
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what we're discussing, this is the canal as we can

see it and this is a pumping station. It is taking
water from the canal., And this is called a distri-

bution line, the line that goes from here, which I'm

going to discuss later on in detail, and this line
ls called on-farm mainiline,

THE SPECIAL MASTER: On-farm mainiline?

THE WITNESS: Yeah, or field mainiline.

THE SPECIAL MASTER: Uh-huh,

THE WITNESS: Let's call it field wain line,

THE SPECIAL MASTER: What distinctions are
made as to whether those are lined or unlined or
what action has been taken to conserve loss of
water in a distribution ~- Did you deal with those

factors?

THE WITNESS: Yeah. I'm going to discuss

about them later on.

THE SPECIAL MASTER: All right, then I'1ll

walt,

Okay. So we have the canal, we have the distribu-~
tion line, we have the farm main line and then the
-~ and the lateral is connected with the farm main

line. So when I say "lateral”, I'm talking the

sprinkler, including the pipeg that have the sprinklers

mesghinna ~ direct - clear
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and the wheel of the lateral, this (indicating) and

plus the drive unit. That's what I mean by lateral.

So the drive unit is the unit, the motor that drives

it.
THE SPECIAL MASTER: Yeah., Yeah,
A, Okay.
0, (By Mr. Clear) Actually you're ~-

THE SPECIAL MASTER: Are we on No, 5?2 Did we
just sort of naturally gravitate to it?
MR. CLEAR: Not quite., We are still on the

farm systems,

THE SPECIAL MASTER: We are still on farm
systems?

0 (By Mr,.Cleaxr) I think maybe, Dr, Mesghinna, you
ought to just explain the difference, Can you
explain it in that 247, the difference between the
pipe system and the on-farm system?

A, Oh, when we talk of on~farm system, really, we're
only dealing with this,

PHE SPECIAL MASTER: I see,

A And what you call the joints, Other than that «-

the valves, I mean the valves and also the sprinkler

lateral.

THE SPECIAL MASTER: lLateral,

mesghinna - direct - clear
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A, I haven't touched anything that relates to the dis-

A So I'm only talking now in here because from here

THE WITNESS: That is the on-~farm system.

tribution line or field main line or canal or any-

thing so far,

THE SPECIAIL, MASTER: I see, I See,

we'll move to here, from here we'll move to here
(witness indicating several times) and so on to
here and then to here and so on.

THE SPECIAL MASTER: Yeah, as we go on down

the line.

0. (By Mr. Clear) Well, now, you have laid out the
farm or you have laid out the farms --

H. Uh"‘hUh .

Q -~ or fields. And I suppose now we are trying to

figure out the sprinkling system we need or the
irrigation system, is that right?

A, Uh-~huh,

0 All right.

A. Okay.

Now, that we have put the necessary data in

order to design our system, on-farm systems design,
then we can go ahead and f£ind out what are the

necessary things that enter into it, Okay, Now,

RS
3 @

o - s
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we know =-

I think you're going to have to speak a little
louder.

Okay, we know our water-holding capacity and we
know our root depths and sizes of our fields, and
now we are ready to crank on and relate the crop,
meaning the plant, the soil characteristics and

the crop water requirements,

=gl -
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THE WITNESS: Okay. But I have to define
certaln things before I do that, and that is
net depths of irrigation.

THE SPECIAL MASTER: Net depth of
irrigation?

THE WITNESS: Yes, net depths of irrigation

is the amount of water, the net amount of water

that we apply at a given irrigation time. I
will define it this way: Net depths of
irrigation is equal to the water holding capacity
times the ro0t depths times depletions.,

THE SPECIAL MASTER: What was the last

item?

THE WITNESS: Depletion.
Q (By Mr, Clear) Well, we have the water
holding capacity and we have the root depth,
Explain what depletion is, then we'll have all

three elements,

A Okay. Depletion is nothing but ~- it is the

amount of watexr that is to be used by the
plants between irrigations. If we irrigate
today in one spot and we come back and we
irrigate -- we come back after 12 days, it is
the amount of water that has been depleted

mesghinna~direct-clear
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