
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/


FINAL REPORT 
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(I uf 2) 

ABSTRACT: Thi~ 1~ Part One of a Two Part Final Report on pre-fea~ibility 
~tJdie~ aJthorized b) the United Nation~ IndJ~trial Development 
Organization Project DP/EGY/87/017. Thi~ report provide~ a ~Jmmary and 
conclJ~ion~ written in non-technical language. The more technical infor­
mation i~ ~hown in Part Two under ~eparate cover. There are two main 
~Jbject~ di~cu~~ed. The fir~t i~ optimization of El Mex Saline~ ~odiJm 
chloride prodJction, and the ~econd i~ a di~cu~~ion of by-product~. 



l . SUMMARY AND CONCLUSIONS 

In GSL's judgement, quality of sodium chloride at El Mex will con­
tinuously worsen unless the practice of recycling bitterns is stopped. 
Bitterns should be held in a holding pond or discharged back to the sea. 

Formation of mixed K2SO- salts by solar evaporation does not appear pos­
sible. The high humidity at El Mex site does not provide a high enough 
driving force to favor evaporation of water from concentrated bitterns. 

The alternative to evaporation by solar energy is artificial heat. Use 
of artificial heat in evaporative crystallizers to produce K 2SO- from 
brine is not practiced by GSL or anyone else that we are aware of. This 
wo1Jld need additional research. 

Production of MgOH to form MgO could be possible by adding lime or 
dolomite. This is a possibility at El Mex. Some details are given in 
this report. 

Sodium chloride production and quality can be improved at both El Mex and 
Borg El Arab. This can be achieved through use of sequential ponding 
methods and discontinuation of bitterns recycle. 

One of the main areas of emphasis in this report is to change both pond 
operating procedures and pond configuration. This change will improve 
both the quantity and quality of sodium chloride and is necessary if by­
product production becomes a reality in the future. GSL believes these 
changes will be absolutely necessary in the future if El Mex is to sur· 
vive as a salt producing facility. Since the changes are needed even if 
by-products are not produced, GSL recommends they be made as soon as pos­
sible. The ~hanges will require special planning and control as 
explained in this report. 
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2. RECOMMENDATIONS 

The biggest problem facing El Mex Salines now is high MgC1 2 in feed to El 
Mex salt crystallizers ponds. This can be solved by preventing bitterns 
from recycling back to the preconcentration ponds. If recycling of bit­
terns is stopped, tte following positive results will occur. 

A. Better salt will crystallize because it will contain less encap­
sulated MgC1 2 and Mgso_. 

B. Salt production will increase because evaporation of crystal­
lization ponds will increase when MgCl 2 content is lowered. 

C. Potential for by-products will increase because bitterns can be 
concentrated to their maximum values permitted under El Mex 
weather conditions. 

D. Technical information can be gained for later use in locations at 
Borg El Arab and Port Said in addition to El Mex. 

It is therefore recommended that the following steps be taken. 

1. Construct a canal or system to flow brine from the Alexandria 
Petrochemical Company to El Mex pre-concentration pond without 
mixing it with bitterns from the crystallizer. 

2. Flow bitterns into a holding pond and let it concentrate to be 
used as by-product feed stock. If it is not used a by-product 
feed, it can be discharged back to the sea or dead-headed at the 
holding pond. 

3. After MgCl 2 in the large pre-concentration pond has lowered, the 
pond should be divided in two. This will increase production Qf 
NaCl crystallizer ieed brine and increase purity of salt in the 
crystallizer. 

4. Manage bitterns concentration to do the following: 

a) Concentrat~ bitterns to maximum values permitted by El Mex 
weather. 

b) Obtain technical data from this brine as it concentrates to 
obtain evaporation information in detail and to follow mineral 
and brine chemistry. 

c) Make final plans for by-product manufacturing as data is ob­
tained. 



This last item, c, can be done without losing any time in the 
development of by-products. Development of by-products will require 
that all of the above items be implemented. Even if no by-products 
are to be made, Items 1 through 4 should be done if El Mex Salines 
is to survive. The MgC1 1 concentration is now approaching a criti­
cal point and salt quality will become worse if the practice of 
bitterns recycle is not stopped. 

It should be understood that before any chance of economical development 
of by-products can be undertaken, salt bitterns must be managed dif­
ferently and cannot be recycled. Therefore the recommendations of items 
1 through 5 are a first step in by-product manufacturing. It will take 
several years to build the necessary dikes, structures and then con­
centrate the bitterns. The work should start immediately. If it is 
found that it is uneconomical to produce by-products, concentrated bit­
terns can simply be held in a pond. If the holding ponds are too full 
and more space cannot be found, the brine can be pumped back to the sea 
as it is done in other well designed facilities around the world. 

If it is decided to pump brine back to the sea, the sea water feed li~e 
could be used in the evaporation months to feed sea water and in the 
winter months to pump bitterns back out from the ponds to the sea. 

It is also recommended that plans be made at Borg El Arab to divide the 
large first pre-concentratiun pond in two parts and to either pump the 
bitterns back to the Mediterranean Sea or store it. Under no cir­
cumstances should it be recycled. 

It is suggested that a marketing survey be made to determine how much 
MgC1 1 ·6H 20 flake could be sold in Egypt and adjacent countries. If 
enough sales could be made, El Mex is in a good position to produce it as 
a by-product. 

There is a good possibility of producing MgO, however more work must be 
done to determine whether high enough grade can be produced economically. 
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3. DISCUSSION 

This information is written specifically for supervisors, personnel, 
managers and directors so they can have? a better understanding ">f complex 
solar pond systems. 1his understanding is needed to follow the recommen­
dations ar.d proposals of this report. 

3.1 Solar Ponds 

The basic system of El Mex solar ponds is shown: 

Prec011Ce•tratioa 
PoM 

2 

I 
Se• Brine 

3 

Salt 
Crystallizers 

Reservoir aad 
Recycle Pond 

5 
Alex Petro 
Effluent 

The system is called a closed one because there are no bleed streams 
or discharge of minerals except for the product, sodium chloride. 
With time, the other minerals will increase in concentration. These 
minerals will eventually build up to high levels in the pre­
concentration pond. Subsequent feed to salt crystallizer will force 
contamination to unacceptable levels. 

Concentration level of magnesium in the pre-concentration pond at El 
Mex is near l.4t Mg++. This is 10 times higher than comparable pre­
concentration ponds of other large sea salt facilities. It is even 
higher than concentrated sea water that is saturating in NaCl. 
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Sea water at Port Said or Borg El Arab, for example, will begin to 
crystallize NaCl at a Hg++ concentration of 1.04%. This is sig­
nificantly less than El Mex's 1.4%. Good quality salt can be made 
at 1.04% (26• Be) with relative ease. Quality salt can also be made 
at 1.4%, but only with a special sequential pond system that will be 
explained later. 1.4\ Hg++ is equivalent to 1.23 specific gravity 
(27• Be). Brine is normally discarded at 28.5• Be. At El Mex, 
however, brine has been discarded at 29 and even 30• Be. 

The effect of Hg++ on evaporation is significant. Evaporation of 
1.4\ brine at El Mex is 130 centimeters per year. Evaporation of 
sea water saturated brine is 156 centimeters. The difference is 
(156-130)/130 or 20\. 

If a system is developed to stop the recycle of Mg++, evaporation 
can be increased by near 20\. As a result, production will also be 
increased and salt quality will improve. 

Both production and quality can be increased by ending the practice 
of recycling salt bitterns. El Mex is not the only facility that 
recycles bitterns. GSL has observed other operations that do the 
same. The most common reasons given for recycling are (1) The bit­
terns contain NaCl and it is recycled to recover it, and (2) 
Operators don't know what else to do with it. 

Bitterns contain NaCl, but it also contains MgG1 2 , MgSO~ and KCl, 
all of which are impurities to NaCl. Impurities slow down evapora­
tion. It can be rigorously shown that saving bitterns for its NaCl 
content has an opposite effect. 

Recycling bitterns because one doesn't know what else to do with it 
is a poor choice compared to other alternatives. One alternative is 
to use a salt crystallizer and store it. If more space is needed, a 
section of the pre-concentration pond should be diked off to make a 
reservoir pond where bitterns can be left to evaporate further and 
be stored. It should never be allowed to re-enter the regular salt 
producing system again. The evaporation area needed to store bit­
terns is more th~n offset by increased evaporation of pre­
concentrated pond area not mixed with bitterns. 

In the case of El Mex, bitterns 
brine feed line back to the sea. 
the line is not being used. 

3.1.l Brine Sequencing 

could be pumped through the sea 
This could be done in winter when 

Suppose it is desired to evaporate brine and r.oncentrate it from 3\ 
NaCl to 22\. One way to do this would be to place it in a single 
pond as illustrated on the followi~g page. 
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EVAPOltaTI ON 

J .,. NaCL f zz.,. NaCL 

0:----------~ / \.. &1. NaCL J \ 

SINGLE POND CONCENTRATION 

In order to extract a 22\ NaCl solution, one must wait until the whole 
pond has concentrated to 22%. 

Now assume the pond is divided in half as shown in the next illustration. 
Here we see that only one pond must be concentrated to 22\ NaCl. The 
first pond need only be concentrated to 12\. The single pond has an 
average concentration of 22% but the double pond has a concentration of 
(12% + 22%)+ 2 or 17%. 

DOUBLE llOND CONCENTRATION 

A three pond system will lower concentration even further. 

There ar? distinct advantages to lower average concentration. One 
is thac 't is obviously faster and easier to concentrate brine to 
17% compared to 22%. This means brine is concentrated in th~ spring 
quickly and prepares brine for salt crystallizer earlier than could 
be done with a single pond sy~tem. 

The other reason is that lower concentration means higher evapora­
tion. High evaporation mPans more salt production. 

Technical details and mathematical proofs are shown in Part Two of 
the final report. 

3.1.2 Continuous Flow Through Ponds. 

There are two flows generally used in solar ponds. One is a batch 
system where brine is flowed into a salt crystallizer to a pre­
determined depth and then allowed to evaporate down. At the end of 
the se~son, brine will have concentrated from 2S•Be to its end 
point, 28• Be. 
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The other system is to start brine early in the season at a shallow 
depth and to continuously feed it brine all season. The rate one 
feeds the pond depends on brine concentration end point desired. 
Both systems a~e illustrated in the next figure. 

System One. Batch 

STEP I STEP 2 

j\ ___ 2_s0Be~T\ 
Fill pond de~p with 25°8e brine Let brine evaporate to 28° Br 

STEP 3 STEP 4 

Empty brine fro1n pond. Remove salt. 

System Two, Continuous Flow 

STEP I 

Start pond• shallow. 

STEP 3 

Empry brine frcm pond. 
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STEP 2 

Ke~p pond• shallow all sea•on 
au4 ru• brine through them to 
maintain concentration control. 

STEP 4 

Remove salt. 
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Continuous flow systems are better than bate!'. for the following 
reasons: 

1. Brine can be kept shallow which results in higher evaporation, 
larger salt crystals and higher purity. These are all explained 
in the technical section of this report (Part Two). 

2. Brine can be flowed through a series of two or three salt crys­
tallizers. This will also result in higher evaporation and 
higher purity. 

3. Flowing brine will result in better concentration control than 
can be obtained by batch systems. 

4. Constant flow tPchniques through series ponds must be used to 
make highly concentrated brine needed in by-product man11factur­
ing. 

3.1.3 Evaporation Rates in Solar Ponds. 

Water is transferred from a brine surface to the atmosphere when the 
vapor pressure of water is less in air than in the brine. The most 
significant method to increase vapor pressure in brine is to heat 
it. This is done by the sun. Another way is to reduce water vapor 
pressure in the air. This is also done indirectly by the sun and 
with wind. Another way still is to reduce concentration of minerals 
in the brine. This latter method is tricky because most solar pond 
objectives are to concentrate brines which produces just the op­
posite effect. 

A typical evaporation curve on El Mex brine in July is shown. 

2000 

1000 

2 4 6 8 
CONCENTRATION (wt~ Mg) 
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Notice two very important parts to this curve. One is that evapora­
tion decreases as brine concentrate!>. The second is that at a given 
concentration, brine ceases to evaporate. At El Mex, the high su~­
mer humidity causes magnesium chloride brines to cease evaporating 
at a relatively low concentration le•.rel. This leve 1 is too low to 
produre by-products K 2 SO~ and MgG1 2 •6H 20 by conventional methods. 

3.2 Suggested Procedure to Upgrade El ~ex Solar Pond Systeo 

A decision to make or not to make arcanite, ~agnesium or both will 
not change the need to isolate bitterns at El ~ex. Isolation of 
this brine is a necess~ry step and plans to do so should be mane im­
mediately. 

Even if it were dec1ded to go ahead with by-prcluct manufacturer 
today, it would still require a few years to mak·~ all the needc.d 
changes and concentrate bitterns before any real by-product ~anufac­
ture could begin. 

Time is important because conversion of El Mex solar pond system 
will be slow and should be started now. In addition, operators must 
learn new methods of operation. The following plan is suggested. 

Step One. Isolate Bitterns 

Isolating bitterns will require a canal or pipeline for Alexandria's 
Petrochem{cal plant effluent. This should be done immediately. This 
is all that is needed to insure that ~l Mex salt quality will begin 
to improve in fut~re years and so will production. At the same 
time, a positive step will have been taken for possible by-product 
production. Full scale data can be obtained from actual large pan 
bitterns ponds co verify evaporation rates that are now only es­
~imated from small pans. As soon as the bitterns are isolated, 
magnesium concentration in all other ponds will begin to decrea~e 
and crystallized salt quality will begin to improve. 

Step Two. Run Salt Crystallizer in series with continuous brine 
flow. 

Brine should be run continuously from pond to pond for the ~ntire 
summer. Set weirs, pUJ\lps and canals such that brine can flow from 
pond to pond until it is dlscharged into the bit~erns holding area. 

Step Three. Preconcentration Pond Sub-division 

When step one is complete, magnesium in the pre-concentration pond 
will begin to decrease. This is desired. It will take a minimum of 
one season and preferably two evaporation seasons before the mag­
nesium is at a low enough level to sub-divide the pre-concentration 
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pond. If the pond is sub-divided before this ttme, magnesium con­
centration ~ill begin to increase uncontrollably with possible 
disastrous results. It is important that the effects of pond sub­
division be understood. Computer runs and descriptions are given in 
Part Two of the final report to help the reader more fully under­
stand the outcome of pond sub-di~ision. 

Even more sub-divisions should be considered in 4 or 5 years to max­
imiz: production of sodium chloride and grade. 

Step Four. By-Pr~duct production. 

It will require at least two seasons after bitterns are isolated to 
generate a reserve of brine for by-product production. Duri[<g this 
time data can be collected and feasibility studies continued to make 
a final decision on the best alternatives for production or 
feasibility. 

Steps 1, 2 and 3 should be taken even if it is desired not to 
produce by-products. In GSL's opinion, Step l is absolutely needed 
and should be planned immediately. Steps 2 and 3 are optional if 
only NaCl is produced. Better quality NaCl will result, however, 
and quantity will impr~ve. If by-products are to be made, Step l 
will be necessary and Steps 2 and 3 will also be needed. It is 
therefore suggested that all these steps be planned now. If it is 
desired later not to produce by-products, then nothing will be lost. 
However, if the steps are not implemented and it is later desired to 
make by-products, a delay of several years will result. 

3.2.1 Illusrrations 

The following few pages show some illustrations of upgrading El 
Mex ponds. These i 11 us t rat ions a re based on the limited 
knowledge GSL has of El Mex pond system. The main points are to 
isolate bitterns and place salt ponds in series flow. 

Alex Petrochemical Company effluent brine must be separated from 
bitterns by making a flow path down one side of the pond system. 
This will require capital cost for diking. 

Additional capital will be needed to construct bitterns holding 
ponds and to convert salt ponds into series flow. In addition, 
special training will be needed to show operators and engineers 
the art of continuous series flow of brine to produce high 
quality NaCl. 
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PRESENT STATUS OF EL MEX PONDS 
GSL laH aot MC9 9ivea a tletaile4 drawiat of El M.ex poa4 syste• 11:itla 
locations of all cuals. pualt statioas. bl'idg- and buildia9s. 
The ~ketcia- slaowa ue .sti..ae4 by GSL aad .,.., aot coataia all details 

Alex Petro. Works clisclauge bl'iae 

OPTION ONE 

Bister• ue illolaced fr- Alea Petra 
bdae 11¥ .,.kimt a caa.a aext • 
pond 11 aa• 11¥ ... 1&1 .. lwa addltloa.a 
poads. TbeN 1111• ,_. "--wu­
bokll .. areas. Later .. Mill. c-.ce.naa .. 
addilioau ,_ • ..., N _..... • tile soutla 
if it is ~ire4 to caacntrllt• 
more for bv-producls 

flow patla of alcx petro brinr 
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OPTION TWO 

Tlaae ue a variety •f ways ltitteras 
caa be iso&.1c4. TU. illaSlrali- st.ows 
b@w bow salt pon4s may be ~ •• 
ia series lluw aed elimiaale lliie 
lllie ca-I East of poe4 11 showa ta opti­
oae. This ill•strali- sllio- e.ay -• poatl 
made 10 tile ••st iasleatl of lw.-o. 

OPTION THREE 

Perlt•P5 it wouW be pos.ible to brias briee 
•rouad Ila• no,llii Wt!SI si4e af IH porNI 
'"st.em a11d an• .\lex bnae w1tlli •e• waler. 
The ••SI poed wo•W be •secl tor bitten• .. 
holdiag. 

~,\le• briae 

Sea briae \ 

J New dike 



Series Flow System 

Pond~ should be run all season at a low leve:. ~f about 30 centimeters 
where possible. Flow rate into ponds will be cor.tinuous and controlled 
by two indicators. The first is concentration in the last pond of the 
flow series. If the concentration is high, then more flow will be intro­
duced into the pond. If the concentration is low, then flows will be 
reduced or stopped until concentration increases to the desired level. 

This control is easily done at El Mex. The large intermediate pond 
labeled •o• in the illustration is a good surge area. This brine is al­
lowed to flow into Pond 15 via the canal as snown. Brine from 15 flows 
through an open weir to Pond 9. Brine is Pond 9 is held between 29 and 
30• Be (2.6 to 3t Kg). If Pond 9 is too high in concentration, more 
hrine from Pond 12 is allowed to enter. The water evaporated from Pond 
12 and thE brine flowed from 12 to 9 is replaced by brine flow from 15. 
Brine lost from 15 is replaced by brine from Pond D. 

The following figure illustrates these control principles. Series flow 
through at least two ponds will increase purity of salt and production. 
Three or four ponds in series will increase it even more. 
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ILLUSTRATION OF SERIES Ff:D PONDS 

~Flew fr- tW. weir c ... r ... ~ 
\ ,-....... _ -, .. , ...... ..- F..nC...a 

I.at ..... I• • -- is ralletl ,._c_,, .. ,...._a.i­,_..,, .. _ ...... ,... .. 
c-•r ..... 111¥ flew fr- IM weir '"'-w ... n •• 1 ...... ,... 

ar- ie ta..•.., ef,.. w.W • c ... rel 
._.. ef lM c_ ... , .. _.,...... Flew fr- tMs wrir 
, ..... c ... rel 111. ... c..c-•r•••. 

Key ia tlW o.,.ratiOll of a seriee polNI syst~"' is the weir 
flowi ... iaao tlw la•t po-' . If conttol pottd t'Ot1CeatratiOt1 
i• too higll,• 1•ply iac:reaN the wrir How 10 tlW potld. 
If conceatratiOtl i• low. slC1w dowa the feed or stop 1t cotnpletely. 

It is also de•iral>le to have bri ... flowi ... throu9t the pond• 
contiMMM1•1¥ d11ri .. tlW evaporatiOtl •ea•<oa. A 90414 1ra.a. 
•• produud at :•O centintet•r• deptll and :.£9 Be bitterH. 



SEQUE~I~L FLG~ AT EL ~EX 

T~e po~ds at El ~ex would produce ~ore salt and b~~ter qu~lity if tne1 
run i:t series. At least three ponds shoulj be r'.m t:igether 3.nd ::-ie ~l:Jw 
shoulj be ~ontinuous. This procedure is differe~~ :~3.n ~ow ~racti~ed 3.: 
El ~ex. The following figure illistrates one poss:bil:ty. 

The actual flow will depend on many factors. GSL does not know where the 
weir placements are. It may be easier to use canals as shown in the next 
illustration. 



3.3 Discussion of K2SO- Production 

El Mex Salines is a solar pond system producing a bitterns brine 
containing potassium, magnesium, sulfate, sodium and chloride ions. 
Since capital money has already been spent on this large complex, a 
study has been made to investigate the possibility of concentrating 
these bitterns in the same solar ponds. The concentrated brine 
would then be used to deposit mixed salts of epsomite, kainite, car­
nallite, and halite. The salt mixture would contain 8-10\ potassium 
and near 20' sulfate. Thi~ mixture would be removed from solar 
ponds, purified in a refinery and sold as potassium sulfate. 

Great Salt Lake Minerals & Chemicals Corporation (CSL) has 
nology to produce potassium sulfate as described above. 
the worlds largest producers of K2 so_ from solar ponds. 

the tech­
They are 

It has been found however that brine at El Mex will not evaporate 
well at high concentrations. Evaporation studies made by GSL from 
El Mex data indicates that brine saturated in potassium will not 
evaporate. The rate at which brine will evaporate depends on its 
concentration and time of year. The best time of year is June, July 
and August. Evaporation of brine at this period of time is: 

Evaporation - 18 - .26x 

where x moles MgC1 2/1000 moles H20 

If this equation is solved for x when evaporation is 3 centimeters 
per month, x - 57.7 moles KgC1 2/1000 H20. At this concentration, 
brine is not even saturated in potassium and salt production per 
hectare is low. At higher concentration, evaporation ceases before 
sufficient potassium salts can be crystallized to finish off the 
brine. !hese conditions do not favor an economical production of 
potassit..~ bearing salts. 

It is recommended however that an attempt be made to concentrate 
salt bitterns to as high a concentration as possible for the follow­
b1g reasons . 

l. Bitterns should be isolated from the system even if by-products 
are not made. The reasons for this have already been explained. 

2. Actual evaporation of highly concentrated brine has not been 
verified. Isolation of bitterns as suggested could provide 
needed information to see exactly how far brines can be con­
centrated and how to better design for possible K2 so_ and 
magnesium salt production. 
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3.3.l Possible K2 SO,, Production Rates 

El Mex has a reserve of brine and a salt bed. Normally sea water 
will be concentrated from very low values of sodium and mag­
nesium. At El Mex, sea water is flowed over a salt floor where 
salts are dissolved and the sea brine is enriched. It is es­
timated that there are 10,000,000 ton of salt in the bed. It is 
also estimated that salt in the ocean feed brine is 500,000 to 
1,000,000 ton of salt per year depending on whether draining 
water (15,000,000 ton per year) contains salt or not. It appears 
that a rate of 1,000,000 ton per year of halite can easily be 
sustained for the next 15 to 20 years. 

According t~ El Mex personnel, evaporation can support a feed 
rate from the sea of 37,000,000 ton per year. Since sea brine 
contains O.C~8\ potassium, then 37 x 10• x .00038 - 14,060 ~on is 
entering in:~ the solar pond area each year. Once a bittern con­
centration area is set up, plant efficiencies and brine 
entrainment losses are considered, production rate from sea brine 
alone can only be 7,030 ton per year of potassium or 15,500 ton 
K 2 SO,,. 

The present reserve in the ponds is estimated at 24 million ton 
in the pre-concentration pond. Tile concentration of this brine 
is 0.3 percent of potassium. This is less than 1/2 the con­
centration expected from previous reports given to GSL (See 
reference 3). Tile total reserve of K is only 72,000 ton. In the 
7 square kilometers salt crystallizer, the 3,500,000 million ton 
of brine contains only 24,500 ton of potassium. This is a com­
bined equivalent of 215,017 ton K2 SO.,. Since only 50\ can be 
recovered as solid product, then 107,500 ton K2SO., is a potential 
product. 

If this 107,500 ton were to be harvested over ten years and com­
bined with the potential of 15,500 ton per year from sea brine, 
only 26,250 ton can be produced. Possible conversion of an ex­
ternal recycle of muriate of potash (KCl) could boost production 
to 40,000 ton per year. In GSL's opinion, this is a small amount 
and it would be difficult to justify the capital expense. 

It is also well to note that ten years after production starts, 
the present reserve of K2SO,, will be depleted and only 15,500 ton 
per year from the sea could be produced. 

Tile use of Borg El Arab to supplement El Mex K2SO., does not ap­
pear fear; tble. A plan:t could not be justified at both places. 
This means that salts ,from Borg El Arab would need to be 
transported from there t9 El Mex. Mixed salts would contain less 
than 9t potassi•..111 and it, would require about 13 ton of salts to 
make one ton of K2 SO,,., At best, cost of harvest and haul plus 
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handling at Borg El Arab and El Mex would place the cost at well 
over 7 dollars per ton. Tile expenditure to get it into a plant 
at El Mex would be $7.00 times 13 or $91 per ton K2 so_. Add this 
to a processing cost at the plant of $30 plus depreciation of the 
plant and it would exceed the sale price of K2 so_. There would 
be no payback. 

In the case of MgO production, it could be possible to use Borg 
El Arab bitterns. The brio~ could be treated with lime to make 
MgOH. The MgOH could then be filtered and sent to El Mex where 
MgO could be produced from it. Kore details on this are given in 
another section of this report. 

3.4 K2 so_ Plant Process 

Assume that salts can be obtained. Tilese salts will be processed in 
a plant having the flow as shown on Figure 4. The process has 
several advantages because only water is used as a conversion media. 
If the flow of Figure 4 is simplified to only flow stream in and out 
of the plant, a simple picture of the process can be seen. Tile fol­
lowing illustration shows these streams. 

WATER LEACH PROCESS 
OF PRODUCING K2S04 
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FIGURE 4 
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There ar~ only four strea~s plus the energy input. Water flows 
counter-current to solids. The water dissolves out impurities 
resulting in a purified product K2SO_. The cleansing water becomes 
saturated i~ potassium and sodium. It also contains impurities of 
magnesium sulfate and chlorides. 

The overall efficiency is not very good because a lot of potassium 
is dissolved with the impurities and discharged from the plant with 
the effluent. This effluent is recycled back to the solar ponds 
where the impurities are separated out and the potassium is re­
deposited and returned back to the plant a year later. Figure 4 
shows the overall pond flow with the refinery included. 

In an attelltpt to reduce potassium losses via the plant effluent and 
increase plant efficiency, the effluent is cooled. This is done at 
GSL with stream evactors and evaporation cooling. The weather in 
Alexandria however, does not favor evaporative cooling and plant 
operation would need to be limited during the colder months of 
December, January and February or artificial cooling would be neces­
sary. Potassium salts are sensitive to temperature and impurities 
NaCl and MgCl 2 are not. Thus losses of potassium are reduced by 
cooling the effluent strea~ and forcing potassium salts (usually 
schoenite) to crystallize while NaCl and MgC1 2 remain in the ef­
fluent and are rejected back to the pond system. 

Even though the production of K2so_ does not look promising from a 
solar pond standpoint, the plant flow and capital expenditure has 
been given as a measuring stick. GSL is not aware of anyone else 
producing K2so_ from sea brine. This indicates that production from 
sea water is not easily accomplished. It has been tried at some of 
the largest salt works in the world, such as Exportadora del Sal in 
Baja, Mexico, but without success. It was also tried at Lake McLeod 
in Western Australia by Texada Corporation. It too was unsuccess­
ful. 

It is understood, however, that the French are having some limited 
success in production of K2 SO- and MgO from their salt works. 
Perhaps they could be approached for technology. The director of 
technology at Salines du Midi is Mr. Denis Drummond. His address is 
shown later in this report. 
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Other methods of making K2SO- are discussed in Appendix One. 

COST ESTIMATE FOR A K2so_ Pl.ANT 

Basis: 1. 
2. 
3. 
4. 

Plant runs December through April only. 
Production rate is 300 ton per hour. 
14,000 ton of KCl will be converted to K2So_ each year. 
Total yearly production is 40,000 ton. 

This cost estimate for a K2so_ plant is based on a cost if the plant were 
to be built at GSL's site in Ogden, Utah. The following summarizes 
costs. 

A. EQUIPMENT COSTS 
Conveyors 
Cooling ':'ower 
Crystallizer 
Field Erected Tanks 
Hoppers 
Spouting 
Apron Feeders 
Screw Conveyors 
Bag Conveying Equipme -
Secondary Crusher 
Primary Crushers 
Shop Fabricated Tanks 
Belt Scales 
Track Scales 
Vibrating Feeder 
Roll Crusher 
Bag Crusher 
Agitators 
Dryer 
Thickeners 
Belt Extractor 
DSM Screens 
Belt Filter 
Vibrating Screens 
Wet Cyclone 
Heat Exchanger 
Fire Pump 
Jet Slinger 
Pumps, Cast Iron 
Pumps, Vertical 
Pumps, Slurry 
Sealine for Thickener Tanks 
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$1,014,862 
106,714 
437,226 
573. 348 
314,000 
120,000 
184,450 

16,500 
26,670 
20,180 
47,870 
27,224 
61,386 
45,044 
11,614 

5, 770 
23,848 

128,904 
215,430 
490,598 

74,000 
27,036 

174,884 
35,522 
16,922 
36,980 
12,818 
6,626 

15,634 
26,680 
57,500 
8,000 



Lump Breaker with Conveyor 
Tramp Metal Remover 
Gates and Diverters 
Dust Collectors (Scrubbers) 
Bin System 
Condensor Pumps 
Bridge Cranes and Hoists 
Heating Equipment 
Raw Water Supply 
Plant Supply Equipment 

Tax 
Total 

Freight 
Erection Costs 

Grand Total Erected Equipment 

147,870 
12,738 
49,750 
32,808 
68,000 
10,000 
62,000 
80,0G!l 
13,000 

240.800 
$5,081,286 

120,000 
140,000 
600.000 

$5,941,286 U.S. 

600,000 
500,000 

l, 775,000 
1,220,000 
l,440,000 

166,000 
538,300 
318,000 

B. 
c. 
D. 
E. 
F. 
G. 
H. 
I. 
J. 

Eat:thwork 
Concrete 
Structural 
Electrical 
Piping 
Insulation 
Instrumentation 
Painting 
Miscellaneous 1.400.000 

Total Direct Cost $13,893,586 

Construction Overhead 
Engineering 
Contractor Fees 
Owners Supervision 
Contingency (20•) 

Spare Parts 

Subtotal 

Grand Total for Turn Key Plant 

Notes: 

1) Connected horsepower is 4200. 
2) Capacity is 300 tph. 

980,000 
1,600,000 

650,000 
650,000 

2.800.000 
$20,573,386 

2,000,000 

$22,500,000 

3) Granulation of product is not included in cost. 
4) Changes to ponds or harvest equipment is not included in cost. 

Stockpile and reclaim are included. 
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Direct Operation Manpower 

Operation 
4 shift foremen 

29 plant operators as follows: 
5 crusher operators 
5 wet process operators 
5 control board operators 
5 dryer operators 
5 laborers 
4 loadout operators 

Support personnel 
4 stockpile and reclaim operators 
13 maintenance personnel (experienced) 
1 General Foreman 
l Instrumentation Engineer 
2 Electricians 
5 Laboratory Technicians 
2 Support Engineers 

Total direct manpower 61 

Indirect manpower as needed: 

Sales force 
Accounting 
Plant Manager 
Superintendent 

Note that harvest, pond operations and pond modification costs are not 
included in the above outline. 
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3.4 Discussion of MgC1 2 and MgO production. 

El Mex brines can be concentrated to contain 6% Mg in the ponds. 
This magnesiWll can be removed by reacting it with lime. 

MgC1 2 + CaO -+Mg(OH) 2 + CaC1 2 

The MgOH solids are then filtered and impurities of Caso~. CaCl
2

, 

MgSO~. NaGl, etc. are removed. The purified MgOH is then converted 
to MgO: 

Mg(OH) 2 
.... MgO 

heat 

MgC1 2 •6H 20 Flake can also be easily produced from the brine. 

MgC1 2 
.... 

heat 
MgC1 2 concentrate 

MgC1 2 Concentrate 
cool 

MgC1 2 •4H 20, MgC1 2 •2H 20 or other hydrated forms can be made depending 
on how much water is removed in the heating step. 

Figure 5 shows a flow sheet for MgC1 2 flake. This product is 
produced at GSL in several grades. Production of MgC1 2 ·6H 20 is rela­
tively easy and would be a good product for El Mex if it can be 
marketed. 

The flake can be made into 6,5,4 or 3 water of hydration by control­
ling the concentration of magnesium in the evaporator. A 
concentration of 12% magnesium will produce bischoffite 
(MgC1 2 •6H 20). Concentration of higher magnesium will produce a 
flake with lowe1 water. 

All flake must be bagged immediately because it is hydroscopic. 
Magnesium chloride is used in oxychloro cements, ion exchange resins 
and certain specialty chemicals applications. 

3.4.1 Magnesium Reserves and Production at El Mex. 

Magnesium is 1.35% in reserve brine and 0.13 in the sea. 
Applying the same principles of production as K 2 SO~. there is an 
equivalent of 37xl0' x .0013 - 48,100 ton Mg per year in the feed 
and 24,000,000 x .0135 + 3,500,000 x .015 - 376,500 tori or 37,650 
ton over a ten year depletion. Total potential for the first ten 
years at 5c,, recovery is 70,000 ton per year MgO. Long range is 
40,000 ton MgO per year from El Mex. 
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FIGURE 5 

MAGNESIUM CHLORIDE FLAKING CIRCUIT 
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Add this to possible feed stock from Borg El Arab and a long 
range MgO production facility at El Mex could be a possibility. 

Capital and Operating Expenses to Produce MgC1 2 ·6H 20 

At GSL flaked MgC1 2 must be low in sulfate ~nd sodium and it must be 
white. CaC1 2 is added to reduce so_ levels. The resulting gypsum 
particles are fine and difficult to separate from the solution. 
Thickening and filtering are needed to remove particles. A carbon 
filter and a sand filter are used to remove the dark color usually 
associated with highly concentrated bitterns. 

Capital expense is based on a system as shown in the flow diagram. 
There are several alternatives however. so_ can be removed by heat­
ing, for example. The sulfate ion has a reverse solubility and 
heating drives out kieserite (MgS0-·6H 20). 

Basis: Plant runs all year. 10,000 ton per year MgC1 2 ·6H 20 
6\ Bitterns can be made in ponds. 

Equipment Cost 

Sulfate removal tanks 30,000 
Thickener 100,000 
Drum Filter 75,000 
Sand Filter 50,000 
Carbon Filter 50,000 
Evaporator tanks (two) 30,000 
Boiler 85,000 
Heating Equipment 20,000 
Flaker 25,000 
Bagger 80,000 
Pumps 55,000 
Bridge cranes and hoists 12,000 
Agitator 18,000 
Heat exchanger 10,000 
Conveyor belts 35,000 
Bin systems 15,000 
Screw conveyors 10,000 
Plant supply ~O,OOQ 

Total 750,000 
Tax 
Freight 23,000 
Erection lQQ,QQQ 

873,000 
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Earthwork 
Concrete 
Structural 
Electrical 
Piping 
Insulation 
lnstrwaent.ation 
Painting 
Miscellaneous 

Construction Overhead 
Engineering 
Contractors Fees 
Owners, Supervisors 
Contingency (20t) 

Spare Parts 

Total Direct Cost 

SubTotal 

Grand Total 
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20,000 
50,000 
34,000 
25,000 
75,000 
5,000 

12,000 
22,000 
50.000 

1,166,000 

100,000 
1~0.000 
100,000 

50,000 
250.000 

1,786,000 
50.000 

$1,836,000 



Discussion of MgO Production, Flow and Capital Expenses. 

GSL has not produced MgO. There are several facilities that do produce 
it from brine however. The Israelis have been doing it from HgCl 2 brines 
at their Dead Sea Works operation. They were assisted by Sulzer Escher 
Wyss and by Babcock International. They may possibly have the technol­
ogy. Possible contacts to each facility are listed below. 

Dr. Edward Kratz 
Senior Technologist 
Sulzer Escher Wyss 
P.O. Box 
CH-8023 
Zurich, Switzerland 

Mr. Derek Gosden 
Babcock Woodall-Duckham Ltd. 
11 The Boulevard 
Crawley, Sussex 
RHlO lOX 
England 

It is also understood that the French are doing some work in developing 
MgO from sea brine and they may be willing to joint venture or supply 
technology through an arrangement of mutual benefit. 

Dennis Drummond 
Compagnie Des Saline du Midi 
Et Salines De L'est 
51 Rue D'Anjou F 75002 
Paris, France 

Magnesium Oxide Plant Flow Description 

One major possibility for magnesium production at El Mex is th-- reaction 
of lime with KgC1 2 brine. This is done commercially by several com­
panies. At Freeport, Texas lime is reacted with sea brine. Sea brine 
has only 2.2 g/l of MgO equivalent where El Mex brine at 6\ Mg contains 
over 100 g/l. 

Production of magnesium compounds from bitterns water is made possible by 
the almost complete insolubility of Mg(OH) 2 in water. Reaction of lime 
of dolomite with bitterns produces Mg(OH) from KgC1 2 or Mgso_ in solu­
tion. 

MgC1 2 + Ca(OH) 2 ... Mg(OH) 2 + CaC1 2 
Hgso_ + Ca(OH)2 + 2H20 ... Mg(OH)2 + CaS0-·2H20 
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FIGURE 6 

MAGNESIA FROM EL MEX BITTERNS 
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Figure 7 shows a flow chart for producing magnesium compounds used in 
pharmaceuticals, tooth powders, antacid remedies, anti-caking agents (for 
table salt) and paint fillers. 

MgOH becomes the basis for making MgO via calcination 

Other processes require the following steps: 

1. Water softening with lime or calcined dolomite 
2. Preparation of a purified lime or slurry 
3. Removal of precipitated Mg(OH) 2 
4. Purification of Kg(OH) 2 

5. Filtering of slimes 
6. Firing of Kg(OH) 2 to form KgO 

Magnesium compounds have been made from sea water or concentrated sea 
brine by the following companies. 

Dow Chemical Company at Freeport and Velaco, Texas 
Merck and Company, San Francisco, California 
FMC, Newark, California 
Kaiser Chemical Division, Koss Landing, California 
H.K. Porter Co., Pascagoula, Florida 

Figure 7 shows a flow chart for Kg(OH) 2 from sea water and dolomite. 
Calcined dolomite is added in enough quantity to pre-test the brine bit­
terns and remove any carbonate. At El Mex this may not be necessary 
because carbonates have mostly been removed by conce .. trating the sea 
water in solar ponds. Any remaining calcined dolomite would work well to 
soften the brine. The softenej bitterns then flow to reactors where more 
dolomite (or lime) is added to precipitate Kg(OH) 2 • 

Mg(OH) 2 is a very fine particle suspension which overflows with liquors 
from the reactor. The fine Kg(OH) 2 is difficult to collect and dewater. 
Several thickening steps are required and considerable space is needed 
for these thickeners. Even with thickening and filtration, the Mg(OH) 2 

cake still contains high moisture. The cake is then dried at tempera­
tures up to 1800•F to produce various grades of magnesia. 
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APPENDIX ONE 

VARIOUS METHODS USED TO PRODUCE Kzso_ 
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It ts possible to rloat schoenite as done at Great Salt Lak~ 
~1nerals bt!t ~rriciency or a kainite float is reported to be ~~c~ 
better than schoenite. Floating the ~wo at the same ti~e is 
inerricient. It is thererore important to remain in the kainite 
phase. 

2.t.2 Conversion or Kainite to Schoen~te 

T~e second step in the process is to convert kainite to schoenite as 
shown in the ~ollowing equation: 

2KCl•MgS0-·2.75H 20+Mg +so: •K2SO-·MgS0-·6H 20+Mg~+Cl-
(Kainite) (Schoenite) 

or course this conversion must be done in conditions .mere sehoenite 
is stable and kainite is unstable. A source or sulrate is also 
needed. This needed sulrate ls made later in the schoenite 
decomposition step. Kalnite cannot be efficiently decomposed into 
K2 so_ directly. The conversion to schoenlte however is relatively 
easy. 

Figure 2 shows all or the process Clow steps arter Clotation. 
Enriehed kainite ls transferred into an agitated reactor tank where 
it is mixed with high sulfate brine. This brine is saturated in 
schoenlte and arcanlte having just come rrom the schoenlte 
decomposition crystallizer circuit. (See the rigure}. This reactor 
mixture is next pumped to a thickener where conversion or any 
unreacted kalnlte is completed. 

Conversion or kalnlte to schoenlte ls relatively easy and fast. 
tnrlched kalnite ls already or small particle (-28 mesh). A high 
sulrate brine is mixed with it and thererore conversion is rapid. 

2.3.3 Schoenlte Conversion Enhancement 

The final process step ls conversion or ~choenlte to arcanite. Both 
the conversion or kainlte to schoenlte and schoenlte to arcantte are 
dependent on the sulfate concentrated in the liquor. High sulfate 
forces kainlte to schoenite and high K2so_ forces higher efriciency 
in the conversion or schoenlte :o arcanite. For this reason an 
enhancement step ls used in the process called syngenite. 

Liquid from the schoenlte thickening step ls reacted with gypsum in 
a mixing tank to form syngenite. 

CaS0-·2H20+2K•+so: •K2SO-·Ca.SO-·H20 + HaO 
(Gypsum) (Syngen1te) 

Al 
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Syngenite is then filtered. 1he syngenite ca~e is then ~eacted ~:~~ 
hot 4ater where all of the K.so. is dissol~ed. Caso. is not solubl~ 
in hot ~ater and it is recycled oack for reuse to make more 
syngenite in the mixing tank. 

The leach water liquor pregnant in arcanite (K
2
SO.) is sent to a 

schoenite decomposition crystallizer where solid phase K
2
30. is 

formed. ~agnesium sulfate is more soluble in hot water than 
potassi~m sulfate. Therefore, when a hot solution or K

2
SO. is mixed 

with schoenite th~ following reaction will occur: 

K1SO.·MgS0.·6H20 + Hot H10 + K1SO. + Mg•• +so: 
Product 

This reaction is discussed in more detail in the next section. 

2.1.4 Schoenite Decomposition 

Schoenite decomposition is based on the different solubilities of 
K2 SO. and Mgso. in water as shown in Figure 3. Note that the 
solubility or MgSO. is higher than K2 SO •• When water is reacted 
with schoenlte, K2 SO. is left as a solid and becomes the final 
product art er r 11 ter Ing and drying. or course, some K

2
SO. is also 

dissolved in the process but some is recovered later in the 
syngenite process. 

It is seen that MgSO. ls not used up in the process and the liquor 
is recycled back to the kainite schoenite reactor. 

A rew details or the process and o~eration follows: 

Figure 3 shows the solubility of a K2 SO.-MySO.-H
2
0 system. All 

values are shown in grams per 100 grams of water. Figure 4 shows a 
development or mass balance equation to determine decomposition 
efficiency. 

Point A on Figure 3 is the solubility or K2SO. and Mgso. at 10°c. 
12 grams or K2SO. and 14 grams or MgSO. will dissolve in 100 grams 
or water. This is 9.5S K2 SO. and 11.1s MgSO.. From this it is 
calculated that 269 ton or end liquor will be formed in the 
decomposition reaction. 187 ton or water must be added and 17,7 ton 
or solid K2SO. will be·rormed. Potas5ium recovery from schoenite at 
10° and pure water is thererore: 17.7143.3 or 41S. 

Ir the same reaction is carried out at 47.3°C, Point B on Figure 3, 
the solubility or K2 so. is 18.7 and 24.3 tor, Mgso •. Using these 
numbers: 
176.0 tons liquor is formed 
96.3 tons or H20 is added 
20.2 tons or K2SO. solids are rormed 
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Recovery is 20.2/43.3 or 471. Note how ~uch less •ater i3 ~sed ~~ 
the higher temperature. Cooling of this water will ~ater yial1 
schoenite for re-use in the crystallizer. 

A gain in recovery is seen by increasing ~e .~erature. Decomposition 
of schoenite can be done at any temperature bet~een -3°c and 47~C. 
~fficiency of conversion is highest at 47°C, but heat must also be 
added and economics must be studied to see if the added energy cost 
justifies the increase in efficiency. 

Overall conversion efficiency of 4o~sos is indeed low. Use of 
Syngenite will increase efficiency by creating a •ater soiution 
already containing K1 so_. Any K1 so_ in the decomposition water 
means an equivalent amount K2 SO_ will not be dissolved from 
schoenite and will consequently remain 13 solid SOP. 

Crystallizer decomposition end liquor is relatively free of NaCl, 
and MgCl 2 • This liquid is also saturated in schoenite and arcanite. 
It is therefore a valuable liquor to be recycled back and mixed with 
incoming kainite. Here the liquor dissolves soluble impurities and 
converts kainite to schoenite. It has been shown how this 
conversion forms MgC1 2 • MgC1 2 is highly soluble and will actually 
depress the solubility of others salts. 

Thus K2SO- and Mgso_ in the original liquor is forced out of the 
solution as it is mixed with kainite. MgCl 2 enters the solution. 
The salts forced out of solution form more schoenite which is fed 
back to the schoenite decomposition crystallization step. This 
increases the overall recovery of potassium in the combined steps to 
over 60S. The theoretical yield is as high as 67S but equilibrium 
of salts with brines are never reached and recovery is somewhat 
less. 

Recovery of eve~ 60 to 65S is still low. Use of the syngenite step 
is reported to bring recoveries up to 70 to 75S and chilling or 
cooling of effluent streams has been reported to bring up conversion 
efriciency as high as 82S. Both potassium and sulfate are 
temperature sensitive. Cooling forces Mgso_ and K1 so_ salts to 
crystallize. These salts can be filtered and returned to the 
reactor. From the information giyen, GSL is not sure where cooling 
is done ~n the streams, if done at all, but one possible location is 
indicated on the flow streams of Figure 2. 

It is quite possible that even after the syngenite step and cooling, 
there is still an excess of so_ salts i~ the end liquor that can be 
used for the reaction: 

2KC1 + so: + Kzso_ + 2Cl-

Ab 
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Such a ~ractice has been op~i~i~ed at GSL. The viability ~f such ~ 

conversion depends on c~st of K:1. sale price of K2 SO_ and 
conversion efficiency. 

2.1.5 Potassi~m Magnesium Sulfate (SOP/~g) 

~ppendix 10/2 of reference (5) shows a cost table of SOP/~g having 
30-32j K20 content. This product is apparently made by combining 
Schoenite with SOP. A section of Figure 2 is shown on the 
next page to indicate one way this could be done. 

Appendix 10/2 also imp~ies that .2925 ton of SOP is combined with 
schoenite to make one t~n of product. The amount of schoenite is 
therefore 1-.2925 or .7075 ton. 

It is also shown that 1.021 ton of kainite is needed. 
that this ls the amount of kain~te needed to make 
schoenite. 1.021 ton of kainite contains .1604 ton of 
• 70 75 ton of schoeni te contalns • 1374 ton. Conversion 
therefore .13741.1604 or as.1i. 

It is assumed 
.7075 ton of 
potassium and 
efficiency is 

The preceding calculation is based on pure substance. Pure SOP 
contains 54j KaO• but SOP produced in Sicily has an average of 51S. 
SOP/Hg produced has an average of 31j K2 0. In order to produce a 
mixture having this concentration, a nearly pure schoenite must be 
combined with the 51j KaO SOP. This balance is shown: 

l 10" .a•/"" 
Because SOP produced contains 51 I K2 0, compared to 541 K2 0 in pure 
SOP, the schoenite from which it ls made must also be impure. If 
all impurities in schoenite become impurities ln Kasa_, then 
schoenlte produced for the crystallizer must contain 221 K20 and not 
23.4j ln the pure substance. This means that .73 ton of impure 
schoenite is added to 51j K2 0 SOP. When the mixture ls dried .024 
ton of hydrated water ls driven off. This is about 10i of total 
hydrated water. The final result is to have one ton of dried SOP/Mg 
at 311 K20. 

2.2 Relevant Competitive Process ln Production of Kasa_ 

There are other salts that can be used to produce K2 SO_. Even KCl 
is used as a base raw material to be reacted with Haso_, Naaso_ or 
gypsum. Since K2 SO_ ls more valuable than KCl, attempts are being 
made to convert KCl to the more valuable product. Price differences 
between the two varies with time and location. 

Aa 
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If one ton of KCl is converted completely to K2 SO ... the conversi~n 
efficiency ton to ton would be 119S. This means that even at a 
conversion efficiency of 8SS. one ton of KCl will still !!lake 1 ton 
of K1 SO ... 

2.1.1 Conversion From KCl with Sulfuric Acid 

Reaction of H2 SO .. with KCl is practiced by some companies. the 
reaction is shown: 

More acid is then added to complete the reaction. 

The process is carried out in Mannheim furnaces. It has been 
reported that the same conversion can be carried out in a fluidized 
bed reactor. This type reactor is used by Climax Chemical 
Corporation ~ut they have not reported any details concerning their 
reactor design. Raw material cost is obviously high because the 
basis relies on purchase of potassium chloride in addition to 
sulfuric acid. Economics is better if the producer has its own 
source of KCl. The competitive position of KCl-H 2 SO .. conversion 
against natural production depends on location, raw material cost 
and value of HCl. 

Product K2 SO .. is 90-95S K2SO .. with t-2S chloride and 3-4S sulfuric 
acid. The acid is sometimes neutralized with calcium carbonate. 
Creation of HCl is usually a disadvantage unless a outlet for HCl 
can be round. Even if an outlet can be found, the Mann~ tm process 
does not appear to be a serious competition because of the high 
energy requirements (.15 ton fuel oil per ton K2SO .. ). Toxicity and 
corrosion problems or HCl and large capital investment for each 
production Wlit are other problems. 

2.2.2 Glaserite Process 

Another method of K2 SO .. production is reaction of mirabilite with 
KCl. This ls done in two steps: 

KCl + Na2SO .. ·lOH20 + 3K2SO .. ·Na2so .. + NaCl + H20 
(mirabillite) (glaserite) 

Glaserite ls then dewatered and reacted with more KCl: 

Work has been progressing on this project tor over 20 years. but a 
viable process has not emerged. Host or the work has been done by 
the Potash Corporation or Saskatchewan. They have their own source 
or both KCl and ua 2so... One can only estimate that they hav9 not 
round an economical process. One reason may be the related 
inefficient recovery or ?nly 60S. 
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2.2.3 Kainite Roasting 

~ proc~ss deve~oped by N.L. rndustries mixes KCl ~ith Kainite 
fJllowed ~Y roasting and !~ach1~g. The process ~as nev~r brought to 
the production stage. however. Since N.L .• (now AMAX). had an 
~bundance of kainite but still ~ever used the process. it must not 
hav~ been of enough economical value to try it. The proce~s is 
patented. U.S. 3432250 by L.W. Ferris. The basic flow is shown: 

FLOTATION 

KlllllUTe 

ROA~"l\NG 

11"~$0 .... 

H'Z.O t-\JO 

LI.A.CM • FILTEll 

~ 
M~OH 

II H~o 

E.VAP09',A"tOR 

C.A..YSTALLI Z.£~ 

The process is obviously energy intensive. high capital cost and 
generates HCl which must be handled and disposed. 



~.2.~ Langbeinit~ Pr~~ess 

In Carlsbad, International ~inerals and Chemicals Corporation (!MC) 
nas produced K2 SO_ rrocn 13.ngbeinite. There are several ~eth~1s or 
doing this but the one that seems to be the most economical is the 
reaction or KCl. 

K2S0-·2~gso_ + 4KC1 • 3K 2 SO_ + 2MgC1 2 

{langbe1nite) 

rr a smaller amount or KCl is used, potassium magnes:um sulrate can 
be generated. 

Potassium magnesium sulrate (schoenite) is sold directly as a 
rertilizer. It has application in soils low in magnesium. 
Production·has been limited to the volume or langbeinite and KCl 
dust generated in the respective production or SulpOmag and KCl. 

2.2.5 Mixed Salts - Water Leach Process 

Great Salt Lake Minerals & Chemicals Corporation uses a water leach 
process to produce K2 SO,. The basic concept or the process is to 
convert a mixture or magnesium, potassium, and sodium salts into 
Schoenite (K 2SO-·MgS0-·6H 20). Schoenlte is then decomposed into 
arcanite (K2SO-). 

A variety or different minerals can be converted to schoenite. Socne 
ot the reactions are shown below: 

HgS0-·7H20, ~psomite, may occur as MgS0-·6H 20, hexahydrate, or in 
lower hydrated forms. KCl•HsSO-· 2.75H20, kainite, is otten shown 
with 3 waters or hydration. 

KCl may occur in the ponds as sylvinite (KCl + NaCl) or through 
decomposition or carnallite (KCl•MgCl 2 •6H 20) as shown below. 
However it can also be added from other sources in amounts needed to 
meet increased market demand. Adding KCl ls controlled to use 
excess HgSO_ in the system. No· other chemicals are needed such as 
H2 SO_, Caso_, or other sulfate salts. Neither is any additional 
equipment needed. The KCl need only be added at a strategic 
location to maximize recovery. 



In this reaction carnallite is decomposed by water to rorm KCl :md 
KCl reacts with epsomite. Feed salts al:nost al~ays contai~ halite 
(~aCl) and sometimes m1~abilite (~a 2 S0-·10H 20). Enough water is 
added to remove impurities such as sodium, magnesium and chloride. 

Schoenite is then converted to K2 so_ by the reaction with water. 
The baste process is a counter current r1ow ot water with salts. 

MIXED ~AL~!> 
N.c.C.I 
M1 S0~·11120 
M' 504' ·'lla.O 
M3~.Kz.~·"lla.O 
1'11 SO.·ICCJ • ?>Hz. o 
M3CJ1.·l<LI ·6N10 
KC..l 
N.'L ~o1-10N1,.0 

PllOCfSSl.,6 ...__ PROOUC.T 
P'-"NT K~SO~ 

...._ __ MOT WA1ER. 

ENO B'tUME W\'TK 
O~!.OL't&C 

111'\~Ua.lT\~S, K • 
Atilt> 1tl~We&.E4l 

{ Rtc:Ymo to SOUtA Polios) 

Figure 5 sh~ws a flow chart or the process. The process ls similar 
to the one at Pasquasla and Castelt~rm1n1 1n that ~alts are 
converted to schoenite and schoenite ls decomposed into K2so_. 

This process has several advantages. One ls that only water is 
added to the 'alt mixture. No other chemicals are used. This 
eliminates any ecology problems or toxic waste or expensive 
reagents. 

It has one disadvantage 1n that the overall recovery ls not high and 
this nece$Sitates processing or the ettluent brine to recover 
potassium. At GSL this ls done with solar ponds. Ettluent is 
rlowed out into the ponds where water is evaporated and crystallized 
potassium salts are recovered, mixed with other harvested salts and 
process as already explained. 
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~ccasionally salts are harvested having excess sodiUlll chlorije. ~e 

•ater leach process becomes less erricient with high sodium in reed 
salts. ~hen this happens a side stream or 3alts is diverted i~to a 
rlot~tion plant. These salts are converted to schoenite in ~eactor 
tanks and then schoenite and so_ salts are rloated away rrom halite. 
These enriched salt~ are returned to the water leach plant an~ 
processed as normal. 

The actual schoenite decomposition step in the crystallizer is the 
same as already explained and shown in Section 2.1.1. 

At GSL up to 20,000 acres or solar ponds have been used to evaporate 
water Crom ~rlnes of the Great Salt Lake. Crystallized potassium 
salts Crom the solar ponds Corm reed stock to the plant. Plant 
err1uent is also returned to solar ponds where all or the potassium 
is recovered and sent back to the plant the following year. Plant 
effluent is cooled before leaving the plant and some potassium ls 
recovered in the rorm or schoenite. 

2.2.6 Other Processes in the Mediterranean Area 

GSL is Camlllar with operations in the Mediterranean area where 
research is underway to produce K2SO_. Tekel at the Camaltl works 
in Turkey has already expanded its pond system and facilities to 
produce higher grade salt. They wish to produce K2so_ as a by­
product. In Egypt, at El Max Salines in Alexandria, evaluations or 
K2 SO_ are underway, and in !unisia, at Zarzis, a pilot plant has 
been operated. 

Israel has been involved in research to produce K2SO_. The Arab 
Potash Company is also thinking or developing a chemical complex at 
their Dead Sea operation. Their plans include K2 SO_ production. 

Many have been interested in producing K1so_ Crom ocean brines as a 
by-product from salt operations. This has been studied extensively, 
but to date no viable operation·is now working. Several million or 
dollars were expended in research at Exportadora del Sal in Baja 
California to make K2SO_. The project was abandoned in 1976. 

These studies and expenditures have not resulted in a single K1so_ 
production facility and indicate that competition from these sources 
is not going to be a problem in the near future. 

Pos~ible future production or K2SO. in Tunisia does not appear to be 
or serious consequence or a competitive threat in the Mediterranean. 
The plan ror commercial operation has not been completed. If a 
plant is built, it would take five year3 from now to br!ng it to 
steady state production. The actual production is energy intensive 
and has several process steps that will make production costs high. 

El Max Salines in Alexandria ls quite serious about producing K1so_. 
they have a unique ~peration but they are still in a pre-reas1bilit1 
stage. GSL estimates that they will have high production costs 1r 
they decide to produce SOP. They also have a small reserve and at 



best they could not produce over 40,000 ton per year. Life of these 
reserves is only 10 ye~rs. Egypt will likely remain an importer of 
K2 SO, even if they do produce SOP because they are projecting uses 
of 100,000 ton per year in 1990. Presently all K2 SO, used by ~gypt 
is imported. 

The same is true for all Middle East and Mediterranean countries. 
Even if they produce their own K2 SO,, they will likely consume more 
than they ~ake and the projected consumption in the 1990's is 
increasing. 

2.2.7 Salar de Atacama 

The Salar de Atacama ln Chill has a large reserve of potash. This 
reserve has not ben exploited except or lithium. Some attention is 
now being given to produce KCl, K2 SO,, and boric acid. Amax 
Corporation has been investigating production of these salts~ 

The natural brines at the Salar are low in sulfate. Chloride is the 
controlling cation, but some K1 so_ can also be made. Costs will be 
high since the Salar ls in a remote area without any infrastructure 
and 150 km from the sea. It will be many years before it will come 
on stream as a potash producer and when lt does, it should not offer 
competition in the Mediterranean area. 

2.2.8 China 

China is scheduled to increase their production facility of KCl by 
an additional 200,000 ton in 1989. This production will come from 
the Qinghai Province. There are no sulfate in the brine at Qinghai. 
In 1995 they plan to increase production to one million ton and 
produce some K2SO_. this SOP must be produced with acid or gypsum. 
In any case, there will be little if any competition from the 
Chinese. Their source of potash ls over 1,000 km from sea ports, 
production of sulfate or potash will be high and China will likely 
use all it makes. 
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APPENDIX TWO 

LIST OF EVAPORITE MINERALS AND NOMENCLATURE 
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Activator 

NOMENCLATURE 

A chemica1 added to a flotation circuit that aids the collector 
in adhering to the mineral face. 

Activity Coefficient A factor used to convert concentration to activity to 

Ax bar 

Backhoe 

account for non-ideal solution behavior. 

A bar with an ax head welded on the end of it for cleaning salt 
crystals off of weir logs. {See Figure A-1) 

Heavy equipment with a bucket on an arm for digging (See Figure A-2) 

Belly Dump Truck A tractor trailer rig where the trailer is enclosed on 
all four sides and has gates on the bottom of the traile~ for 
unloading {See Figure A-3) 

Cleaner cells Flotation cells to refloat froth concentrate from initial flotation 
cells. Generally used to enhance rejection of undEsirable 
contaminents. 

Collector The primary reagent in a flotation circuit. Its usual function is 
to selectively coat the mineral to be floated with an organic film. 

Common Ion Effect Salt A and Bare different salts with a common ion. If 

Concentrate 

Salt A is added to a saturated solution of Salt B, Salt B will 
precipitate to maintain equilibrium. 

The final product of a flotation circuit. 

Conditioning of floors The process of flooding a new pond with brine to displace 
all the subsurface waters in the pond with brine. 

Conversion The conversion of a sr"t, or a mixture of salts to a new mineralogy 
by reaction with a new brine. Often this entails temperature 
control to enhance the process. 

Counter-current Decantation A series of steps where a solid and liquid are mixed 
and then separated before the next mixing step. The solid and 
liquid move in opposite directions through the series of steps. 

Cut-off Point A term used in any operation to denote a point at which an operation 
is no longer viable. 

Defrother 

Oepresse~t 

Dike 

Oispersent 

A chemical used to eliminate air bubbles fr'm a process stream. 

A chemical added to a flotation circuit that suppresses the flotation 
of undesirable minerals. 

A wall of earth that encloses a body of water or brine (See Figure A-4) 

A chemical added to any circuit that causes fine particles to stay 
suspended in the liquor. 

A piece of heavy equipment that moves on tracks and has a vertical 
blade mounted on front for pushing materfal (See Figure A-5). 



Dragline 

Dry Diagram 

A piece of equipment used to build dikes and canals. 
(See Figure A-9) 

A phase diagram that does not show the water conteit on one of 
the axes. 

Drying Up Point The concentration of a brine at the point the pond dries up. 

Efficiency A measurement of the effectiveness of an operation. ~ifferent from 
recovery in that it measures variation from theoretcal recovery. 

Encapsulation The trapping of brine or impurities within a single salt crystal. 

End Dump Truck (10 Wheeler) A truck with the bed enclosed by four walls and the 
bed can be tipped to unload through a swing tail gate (See Figure A-6) 

Entrainment Brine trapped in the voids between salt crystals. 

Entrainment Factor The ratio of weight of brine to the weight of dry salt 
in a wet salt. 

Equilibrium A state where there is no further change in the system after time. 

Equilibrium constant (Solubility product) A salt has the chemical formula axby· 
The equilibrium constant for this salt in solution is the product 
aXbY. 

Evaporation The loss of water from a water or brine surface, usually measured 
in inches per day. 

Evaporation Path A plot of one brine component relative to another component 

Evaporite 

to show how the concentration of the single component changes as the 
brine concentrates from evaporation. 

A mineral produced by evaporation of a brine. 

Extraneous Water Water added to a process from unmetered or unmonitored 

Flocculent 

sources such as pipe flushing. 

A chemical added to any system that enhances settling of suspended 
solids. 

Front end Loader A piece of heavy equipment with a wide bucket on the front 
for scooping and loading material (Refer to Figure A-7) 

Froth Paddles Devices used in flotation to speed the flow of the froth from vhe 
flotation cells. 

Froth Texture The physical texture of a flotation froth. 

Frother 

Harvester 

A chemical added to a flotation circuit to aid recovery by helping 
to establish a good, workable froth. 

Heavy equipment that is used to recover a salt from solar ponds 
(See Figure A-8). 

Harvest-to-product ratio(H/P) The ratio of total feed tons to the product tons. 



Heat of Crystallization The energy released when a salt crystallizes. 

Insols Particles that are insoluble in water vr the dissolving medium. 

Interstitial Having to do with the voids between salt crystals in a deposit. 

Inverse lever law When two solutions represented by two points on a phase 
diagram are mixed. the resulting solution lies on the line between 
the two points. The ratio of the lengths of the two segments is 
proportional to the ratio the amounts of each solution that were 
mixed. 

Ion Exchange The exchange of ions in the brine with ions in subsurface brines 
and clays of the pond floor. 

Ionic Concentration The total moles of ions in solution on a mono-valent 
basis per 1000 moles of water. 

Janecke Phase Diagram A square shaped plot of equilibrium brine concentrations 

leakage 

level Control 

Mix Rule 

with reciprocal salt pairs at the ends of the diagonals. 

Brine loss through porous pond floors and dikes, usually measured 
in inches per day. 

A term used in a wide variety of operations to describe control of 
any vessel to exact levels to aid in controlling a process. 

A line drawn between two points on a phase diagram represents the 
mixing of the two solutions represented by those points. 

Mother Liquor The brine from which a particular salt was precipitated from. 

Pan 

Phase 

A metal evaporation pan used to measure evaporation rates {See 
Figure A-f}. 

A part of a system that is uniform throughout in chemical compositon 
and physical properties. 

Phase Rule {Gibbs} For systems in which pressure, temperature and concentration 
are the only variables. the number of degrees of freedom equals the 
number of components minus the number of phases plus two. 

Pond A ~ody of brine enclosed by dikes. 

Quadruple Point The point on a phase diagram where four different salts 
are in equilibrium with a solution. 

Reciprocal S~lt Pair Two salts that have common anions (negative charged ions} 

Recovery 

Regression 

The percentage of the total amount of a desired material fed through 
a proce~s that is recovered as product. 

' 

A mathematical technique used to develop a relationship between 
experimental variables. Functions thus developed are called 
regress~on lines and are thought to represent the best fit of the 
experimental data. 



Retention Time The time a process element will spend in a vessel or the volume of the 
vessel divided by the process stream flow rate. 

Road Grader (Patrol. 16 Patrol} heavy equipment with a vertical blade between the 
front and rear Wheels for leveling or piling up a windrow (See 
Figure A-10). 

Rougher cells Primary flotation cel~s. 

Salt 1. NaCl (Halite) or 2. Any evaporite mineral. 

Saturated Solution A solution that has the ~ximum concentration of a 
specified component. 

Scavanger cells Secondary flotation cells. 

Scraper A self-loading piece of equipmnet used to transport material (See 
Figure A-11). 

Settling Rate The rate at which solids will settle through a liquid. 

Slimes 

Slurry 

Soaking 

Extremely fine insoluble material found in many processes. typically 
clays and shales. 

The suspension of solids in liquid. 

When ponds are flooded with brine, the surface and subsurface water 
will mix or exchange with the brine. A dry soil wilt soak up the 
brine until it is saturated. 

Soils Index Number A measure of soil permeability. 

Stacker An inclined conveyor belt on wheels used to stockpile salt (See 
Figure A-12). 

Stoichiometric The conservation of atoms in a chemical reaction. 

Tailings 

Tipple 

Material rejected by a flotation circuit. 

A drive-over structure where belly dump trucks can unload (See 
Figure A-13). 

Triangular Phase Diagram A triangular shaped plot of equilibrium brine concentrations 
for a 3 component system. 

Triple Point 

Tyler Mesh 

Wear 

Weir 

The point on a phase diagram where three different salts are in 
equilibrium with a solution. 

The number of openings per linear inch of screen. 

Any loss of metal or other materials to the combined effects of 
corrosion and abrasion. 

A wood structure that holds back brine or regulates the flow of brine 
over tt1e structure. The structure is slotted so 4 inch by 4 inch wood 
logs can be added to or ~aken from the weir to raise or lower the pond 
level. {See Figure A-14). 

B-5 



Wet Diagram 

Windrow 

A phase diagram that has water content indicated on one of the 
axes. 

A long, uniform pile of material. 



APPENDIX THREE 

HOW TO BRAINSTORM 



BRAI~STORMI8G 

Brainstorming is a method of group thinking that produces many ideas fast. 

Such ideas are needed in overall solar pond design because there are so t:Jany 

variables and alternatives in solar pond lagout, operation and design. 

Brainstorming is ineffective if done improperly. Care should be taken when 

people get together for a "Brainstorming Session". Each brainstorming session 

should be organized with a Chairman, Recorder and participants. The session 

should brainstorm one subject at a time and each session lllllst have the 

following rules. 

1. ~o criticiS111. The session is open to ideas. Each idea is listed on a 

blackboard or written on a paper. Beware of killer phrases such as 

"It won't work"; "We don't have time"; '"We've tried that"; '"We've never 

done it that way before". 

2. No judging. A permissive atmosphere must exist. All ideas are accepted 

without any judgement. This allows for complete thinking and allows for 

the bad ideas to be mentioned and recorded. Often, the bad ideas turn 

out to be the best ones. 

3. Quantity. The more people, the better. The greater the number of ideas, 

the greater the the probability of good ones. 

4. Evaluation. After all of the ideas are listed, they must be evaluated. 

Related ideas are combined. The validity of the ideas are then proven 

and the poor ideas are eliminated. Often the evaluation is done with 

all participants remaining, but many times it is done with only the key 

project engineer who may call in others later to help evaluate the ideas. 

5. Processing. Once the better ideas are chosen, they must be developed 

or processed into a design. 

The chairman see that the rules are followed. No criticism and no judging will 
' 

be permitted until the evaluation and processing step is peached. 

Brainstorming is an effective engineering tool, especially in various phases of 

solar pond design and problem solving. 
C-1 
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APPENDIX FIVE 

PRIMARY VENDORS IN THE U.S. POTASH INDUSTRY 



(Tl 

I 

Item 

Ball and Rod Mills 

Crushers 

Crystallization 
Equipment 

Dryers 

TABLE I 

Primary_Vendors to the U.S. Potash Industry 

Vendor 
~--~----~~~~~~~~-

Allis-Chalmers 

Denver Equipment 
Div. Joy Manufacturing 

Allis-Chalmers 

Stedman Machine Company 

Pennsylvania Crusher 

Swenson 

HPD, Inc. 

Allis-Chalmers 

Louisville Drying 

N.enneburg 

Address 

P.O. Box 2219 
Appleton, Wisconsin 54913 

P.O. Box 340 
Denver, Colorado 80903 

P.O. Box 2219 
Appleton, Wisconsin 54913 

500 Indiana Avenue 
Aurora, Indiana 47001 

Box 100 
Broomall, PA 19008 

15700 Lathrop Avenue 
Harvey, Illinois 60426 

1717 North Naper Blvd. 
Naperville, Illinois 60540 

P.O. Box 2219 
Appleton, Wisconsin 54913 

232 East Main 
Louisville, Kentucky 40202 

2639 lloston Street 
llaltimort!, Maryland 21224 

. _Tc~ i.:.Pt!c:>'!.l! __ 

414-714-9831 

303-4) l-'344 3 

414-734-3443 

812-9"16-00)8 

215-544-7200 

312-331-5500 

312-'357-7130 

414-7J4-98JJ 

502-583-7646 

J01-7'J2-l6'i5 



Item ------

Filtration Equipment 

Flotation Equipment 

Flotation Reagents 

Pumps 

rn 

r-> 

TABLE I (continued) 

Vendor 

EIMCO Process Equipment 

Dorr-Oliver 

Denver Equipment 

Denver equipment 

Wemco 

Sherex Chemical Co. 

Armak 

American Cyanamid 

Alli::; Chalmers 

Gorman-Rupp 

Denver Equipment 

Address 

P.O. Box 300 
Salt Lake City. Utah 84110 

77 Havemeyer Lane 
Stamford. Connecticut 06904 

P.O. Box 340 
Denver. Colorado 80903 

P.O. Box 340 
Denver. Colorado 80903 

P.O. Box 15619 
Sacramento, California 95852 

P.O. Box 646 
Dublin. Ohio 4 3017 

8401 West 47th Street 
McCook, Illinois 60525 

Wayne. New Jersey 07470 

P.O. Box 512 
Milwaukee. Wisconsin 53201 

P.O. Box 1217 
Mansfield, Ohio 44901 

P.O. Box 15619 
Denver, Colorado 80903 

-_ !i: ~-!!£.!.~~!}-:_ 

801-526-2000 

203-358-3200 

303-4 71-344 3 

303-471-3443 

916-929-9363 

614-764-6659 

312-442·- 7100 

201-831-3197 

414-73Lt-9831 

419-886-3001 

303-4 71-344 3 



Item 

Screens 

Technical Consulting 

Testing Facilities 

TABLE I (continued) 

Vendor 

C-E Tyler 

Rot ex 

Sweco, Inc. 

Great Salt Lake Minerals 
& Chemicals Corporation 

International Fertilizer 
Development Center 
(IFDC) 

United States Bureau of 
Mines, Salt Lake 
Research Center 

Address 

8200 Tyler Blvd. 
Mentor, Ohio 44060 

1257 Knowlton Street 
Cincinnati, Ohio 45223 

P.O. Box 4151 
Los Angeles, California 90051 

P.O. Box 1190 
Ogden, Utah 84402 

Muscle Shoals, Alabama 35660 

729 Arapeen Drive 
Salt Lake City, Utah 84113 

Telephone 

216-255-9131 

513-541-1236 

213-726-1177 

801-731-3100 

205-386-2593 

801-524-5350 

rl1 
I 

r.LJ 
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ABSTRACT: 

I & 15 2- ( 2 <Jf 2j 

Final Report 
Part Two 

Optimization of El Mex 
Salines Solar Ponds and 
By-Product Investigation 

UNIDO Project DP/EGY/87/017 
February 1990 

By GSL Consulting Engineer 
David Butts 

Chad McCleary 

This report is Part Two of a final report authorized by the United Nations 
Industrial Development Organization (UNIDO). This report is a technical 
evaluation of El Mex Pond System. A computer program and operating disk is 
included. 

,1 I. ,,. / 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

REFERENCES 
The following reports and books have been written as part of this study. 

Name 
l. Report of First Mission to El Mex Salines. Fact 

Finding. Test Procedures and Complete Analytical 
Analysis Instruction. January 1988, David Butts 
and J.C. McLaughlin. 

2. York Book Problems for use with Hewlett Packard 
Advanced Scientific Calculator 28S. April 1988, Chad 
McCleary and David Butts. 

3. Lecture and Training Series on Solar Ponding. Pre­
pared for El Nasr Salines Company, Alexandria, Egypt. 
March, 1988, Chad McC~eary and David Butts. 

4. First test on the Concentration of El Mex Pond Brine. 
April 1988, David Butts, Chad McCleary. 

5. Report on Second Mission to El Mex Salines, May l to 
May 20, 1988. Training and Establishing of Data Base. 
June, 1988, David Butts and Chad McCleary. 

6. Concentration Path of El Mex Brine and Ocean Brine. 
September 1988, David Butts. 

7. Brine Evaporation at El Mex Salines. November 1988, 
David Butts. 

8. Draft Report, Optimization of El Mex Salines Solar Ponds 
and By-Product Investigation. December 1988, David Butts 
and Chad McCleary. 

9. Final Report, Part One, Optimization of El Mex Salines 
Solar Ponds and By-Product Investigation. April 1989, 
David Butts and Chad McCleary. 

No. of Pages 

154 

so 

114 

40 

22 

59 

fJ 7 

40 

51 



I 
I 
I 

SUMKAR.Y 

This final report includes a disk that can be used to run pond operations 
seminars for Port Said, El Mex Salines, and Borg El Arab. It will require 
someone familiar with personal computers, disk operating systems (DOS), and 
solar ponds. If special training is needed, GSL can supply training. 
Training time will take only two days. 

GSL has already made many runs and conclusions are basically the same as 
reported earlier. These conclusions are summarized once again: 

1. StJp recycle of bittern at El Mex Salines (this has already been done in 
1989). 

2. Establish better weather data and evaporation rates. Correlate this 
data with actual production rates and then use the data to opt1m1ze ponds at 
El Mex and Borg El Arab. (Again, this has been started in 1988, but cor­
relation to production rates was never made.) 

3. Establish a brine profile as a function of evaporation. (This was done 
at GSL, see report Reference 6.) 

4. Plenty of bittern brine is produced at El Mex to supply magnesium for 
production of MgO. GSL is not an expert in MgO and therefore some name 
references were given. Since then, a company who has made MgO from sea bit­
tern has been located. They have been contacted and said they would be 
willing to supply technology. They are: 

Mr. M. Hariharaswamy, Senior Superintendent 
Tata Chemicals 
Mithapur-361 345 
Jamnagar Dist. 
Gujarat State, India 

Telex: 116427 (Head office, Bombay) 
Telephone: 204 9131 (Head office) 

5. GSL does not recommend K 2 SO~ by-product production at the present time. 
There are two main reaso~s: 

a. Evaporation of highly concentrated brine appears marginal and more 
study is needed in this area. 

b. There are not very large reserves of potassium and production of 
K2SO- could not be sustained for over ten years. 

6. Proper sequencing of brine at all three salt works will increase quality 
of salt. This is especially true at El Mex Salines where production of 99.5 
salt (dry basis) should be possible just as it is done at many similar salt 
works in the world. Recommendations for the brine sequence has been given 
in previous reports. 

7. The computer program can be used to aid in long range planning and 
operation at El Mex and Sorg El Ara,. We suggest two or three engineers be 
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pond systellS. 
hov to use it to better understand and opera~e their solar 
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I. INTRODUCTION 

In 1987, CSL consultant David Butts visited El Hex Salines in Alexandria, to 
observe their pond system and make comments concerning possible by-product 
production of K2SO_, MgC1 2 , and KgO. 

It was evident that changes could be made that would increase production of 
NaCl and also improve grade and quality. It was not possible to determine 
by-product production capabilities because data was lacking. CSL proposed 
that tests be made to obtain the data. Specifically, evaporative rates and 
brine chemistry as a function of evaporation in high concentration ranges 
was needed. 

Approval for the tests was made and funded by the United Nations Development 
Program (UNDP) through the International Center in Vienna. The supervising 
agency would be UNIDO, Project DP/EGY/87/017. In January of 1988, work was 
begun. 

Since then, nine reports have been written. Lectures and training of El Mex 
personnel have been conducted and extensive bench test work at Great Salt 
Lake Minerals & Chemicals Corporation (GSL) have been completed. 

A final report is written in two parts. Part One was completed in April of 
1989 and hand delivered to El Mex Salines, El Nasr Salines and Mining and 
Refractory Industrial Corporation personnel in Cairo and Alexandria. In 
this report, it was suggested that formation of K2so_ mixed salts and other 
by-product salts did not look promising. Formation of MgO via lime addition 
(or dolomite) did have promise. The report also made suggestions how sodium 
chloride production could be increased. It was also reported that salt 
quality and quantity could be increased with a change of brine management. 

Part Two of the final report is shown herein. CSL has requested that actual 
production rate of NaCl be supplied so that the data could be used as a 
base. Also, that all evaporation data up to date be submitted to CSL. As 
of now, this data has not been received and so the report is submitted 
without it. 

The main emphasis of this report is pond modeling, computer use to optimize 
ponds, and comments pertaining to both El Mex Salines and Borg el Arab solar 
pond system. 

II. DISCUSSION 

All of the following discussions and examples are based on a computer model 
as illustrated in the Appendix of this report. The actual program is also 
on a disk and can be executed on an IBM or compatible personal computer by 
entering the name ELHEXMOD. This program has been written especially for 
El-Mex Salines but can be used by Port Said and Borg el Arab. Some details 
of program execution and uee are found in this report. 



Base Case 

For years, El Hex Salines has operated a closed pond system. This system is 
shown below: 

Sea Briae Alex Petro 
Efflaeat 

Seit 
Cryet.uiu.e 

In this system, none of the impurities or minerals other than NaCl are 
removed. The net result is brine now high in Magnesium concentration. This 
high magnesium results in suppressed evaporation rates and poor quality 
salt. 

Case Qne. Base Case 

A step-by-step procedure will show how to run this case on the computer. 
First, it is expected that the operator knows the basic operation of a PC. 

1. Change the computer default drive to the ftAft drive. 

2. Type: EUIEXMOD and press the ENTER key. 
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3. The following screen will appear: 

GGG SSS LLLL 
GGGGGGGGG sssssssss LLLL 

GGGG GGGG ssss ssss LLLL 
GGGG GGGG ssss LLLL 
GGGG ssss LLLL 
GGGG ssss LLLL 
GGGG ssss LLLL 
GGGG GGGGGG ssss LLLL 
GGGG GGGG ssss LLLL 

GGGG GGGG ssss ssss LLLL 
GGGGGGGGG ssss ssss LLLLLLLLLLLLL 

GGGGG sssssss LLLLLLLLLLLLL 

SOLAR CONSULTANTS and ADVISORS 
El Mex Model Version 1.01 

!Press <Enter> to continue. 

---- -------

4. Press ENTER and the next screen appears. 

What INPUT data file do you want to read? 

5. Type El.MEX.DAT or the name of any other data file you may want to 
use. Data may be in any ASCII file. See the Appendix for a 
description of data files. After typing El.MEX.DAT, press ENTER. 
The screan will now look like this: 

What INPUT data file do you want to read? ELHEX.DAT 
Read input file ELHEX.DAT OK? 



6. Type Y (for yes) and the data screen will appear. El.MEX.DAT data 
screen, for example, will appear as shown below. 

Jata ,.eaa i-r-~m ~~!"'E:.t .;)Af: 
;J-:;:rd Pono :;.,.rnt :ar :on :.ieignt .Jerce~ts. :::o,.,a =oro ::a:': 
"-""'8 Area Oect~ :)eotn :~veritory \I( ;;:-.a \!"g 1;··' '-. \SC4 .. a,. =iCOM "ec . :: !. 3. 

·>iect: '::ml ~cm: r~nsl ·11 ~: ::1 = .i.::: 
:_31ce 0 0 ') •) ?.04 : .·JS .:3 L ~o :.?~ :·JOCCCO Q.O ·J. :'C 
:::NQl 2500 lCO 100 30~.36"67 J.41 7 .07 ~s 5.35 2.57 scoooo l.0 ~.:s 
.:lllj(\2 soo 50 50 310<1029 0.50 7.02 .:6 5. :4 ~ .. : 7 4CCCOO ~.·J ) . ~ l 

""~" l 4CO 30 30 ~522103 0.67 S.73 .37 4 .. 57 4.:~ 3CCCCO ) . '.i '.J ... ,_ 

~s 311 -:~e .jata cor-rect? ..-y'.> or 'N> 

7. If the data is correct, type Y and the screen will ask the question: 

What month do the calculations be~in in? 

8. Type the number or name of the months you wish to begin. For ex­
ample, type 6 for June, and press ENTER. The next screen will 
appear. 

What day in June do the calculations begin? 



I 
9. Type in the day and ENTER. 1 is used in this example. The next 

question then appears. 

What is the evaporation factor for this run? 

10. Now type in the evaporation factor. Evaporation is based on 
evaporation from pans at El Mex Weather Station as outlined in 
report Reference 7. If one wants to use this data directly, the 
factor would be l. If weather for the year is 10\ above normal 
then a 1.1 factor would be used. The example uses 1. Type 1 and 
ENTER. 

What is the precipitation factor for this run? 

• 

11. The precipitation factor for normal rainfall is 1. Type l ENTER. 

Evaporation Factor= 1.000 
Precipitation Factor = 1.000 
Are these correct? 



12. The screen (above) now asks for a verification 
tion factor and the precipitation factor. 
type Y. 

of both the evapora· 
If they are correct, 

Lany months do you want the calc••lations to run?J 

13. Now type in the number of months you want the computer to simulate 
the pond system. For example, say you are beginning in June 1990 
and want to run to the end of December 1993. This is 42 months. 
Type 42 and press ENTER. 

,.------------------------ -- ----- ------- ------. 

What file do you want the monthly totals written to? 

14. Now the above question is asked. As the computer calculates what 
is happening in the pond system, it must store its calculation 
somewhere. This data can then be looked at later. You can name 
the file anything you want so long as it follows ~Landard MS-DOS 
rules. In this example, let's call the file "BASECASE." Type 
BASECASE and press ENTER. 

Do vou want to keeo a aa1ly material balance file? ··Y> o~ 



15. The screen now asks if you want to keep a daily material balance 
file. In most cases, the answer is no. A daily file will include 
complete details and trace all ions each day. It is a good 
analytical tool, but is time consuming, requires a lot of printout 
pape.· ·j in most cases is not needed. Type N and press ENTER. 

16. The CClu.i>uter now begins calculating and shows you its progress on 
the screen. Yhen it is finished, the screen now looks like this: 

' 3 ~ -:- u l. 3 t i n ·~ f ~ .3 r : S 
,.:dcul.it1ng Day: 

_aiculating Pana: 

Whdt file jo vcu want the end1n~ Gona1tions writ:en to~ 
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17. A new file is asked for. This file will keep the pond status at 
the end of the fifth year. Thi~ is handy to compare to the start­
ing condition (June 1, 1990) or to use later as the starting 
conditions of another computer run. Let's call the ending condi­
tion BASECASE.END. Type BASECASE.END and press ENTER. 

.. ::. ~ :::u L .:t t:.. n·:i · ~-'I: : 

1 ~ 3. l c '...J l ..3. t l n :.J Cl -.l ·... : 

1 -. ~ 1 .:: · J l .;1. t,. i n a r-: t~ n d : 

. d. t . ; t ten to? BASECASE. C:ND ~hat fite ~o vou want the end1nq con i_ions wr. • 
~rite enainq conditicns to 8ASECASE.END. GK~ 

18. The computer now confirms that you want the file :saved to 
BASECASE.END. Type Y and the run is complete. 

~-



The co~puter now returns to the DOS prompt. You may run again by executing 
EU{EXMOD or stop here and call up the data file just completed. 

To continue, we will call up the three data files, EU{EX.DAT, BASECASE, AND 
BASECASE.END. Type PRINT EU{EX.DAT and then press ENTER. The following 
will be printed: 

This LS the set-up for the El ~ex system as it is presently run. 
The Lake is the concentration of the open ocean. 
The line of asterisks may be moved to accomodate more comments. 
~otice that ponds whose names be(in with H are assumed to be harvestable. 
The net deposit of the system is summed from these harvestable ponds. 

Current Tar(et Salt 
Pond Area Depth Depth Ion Wei(ht Percents Max. Flow Rec. Dsv. 
'ia11e (Hect. l (cm) lcml K Sa ~( Cl 504 I Tons/d l Fact . 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Lake 0 0 0 0.04 l. 05 0.13 l. 90 0.26 1000000 0 0.00 
PSOl 2500 100 100 0. 41 7. 07 l. 75 15.35 2 .57 500000 1 0.05 
PS02 500 50 50 0.50 7.02 2.16 15.14 J .1 7 400000 0 0.01 
HRVl 400 30 30 0.6i 5.73 2.87 14. 57 ·1.20 300000 0 0.00 

~----J 



Next, type PRINT BASECASE and push ENTER. the data for each month over the 
time specified will be printed. These pages are shown in the Appendix. The 
summary of each year is shown below. ';)EE. A..~9~N\>•-. "'-

El ~ex: ~odel SulRlllary File .. BASECASE" 
Evaporation factor is l.uOO Precipitation factor is 1.000 

su .. ary of year 1 
Months Calculated = June to Deceaber 

Deposit in thousands of tons. 
Jan Feb Har Apr May Jun Jly Aug Sep Oct Nov Dec Tot 

Pond 
PNDl 
PND2 
HRVl 

-------------------------------------------------------------------
0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 -529 -288 -257 -223 -181 -121 
0 216 232 226 183 132 89 
0 170 184 180 141 99 62 

-68 -1668 
35 1112 
19 854 

------------------------------------------------------------------------Total 
Net 

0 
0 

0 
0 

0 
0 

0 
0 

0 -143 128 148 100 
0 170 184 180 141 

50 
99 

29 -14 
62 19 

298 
854 

Summary of year 2 
Months Calculated = January to December 

Deposit in thousands of tons. 
Jan Feb Mar Apr May Jun Jly Aue Sep Oct Sov Dec Tot 

Pond -------------------------------------------------------------------PNDl -26 -23 -81 -153 -212 -232 -253 -250 -220 -178 -120 -67 -1816 
PND2 22 46 124 185 211 225 228 220 181 128 86 33 1688 
HRVl 8 25 90 140 166 179 185 179 141 99 61 19 1291 
------------------------------------------------------------------------Total 4 48 133 172 165 172 160 148 101 49 28 -15 1164 
Set 8 25 91) 140 166 179 185 179 141 99 61 19 1291 



su-ary of year 3 
!1onths Calculated = January r.o Deceaber 

Deposit in thousands of tons. 
Jan Feb 'far Apr May Jun Jly Aug Sep Oct Nov Dec Tot 

Pond -------------------------------------------------------------------
PNDl -24 -21 -80 -150 -208 -228 -248 -245 -216 -175 -118 -65 -1780 
PND2 20 43 122 179 208 217 222 215 172 124 85 31 1637 
HRVl 7 24 90 139 165 179 184 178 140 98 62 17 1283 
------------------------------------------------------------------------
Total 2 46 133 167 165 168 158 147 96 47 28 -17 1141 
Net 7 24 90 139 165 179 184 178 140 98 62 17 1283 

su-ary oi year 4 
!1onths Calculated = January to Deceaber 

Deposit in thousands of tons. 
Jan Feb !'far Apr May Jun Jly Aug Sep Oct Nov Dec Tot 

Pond -------------------------------------------------------------------
PNDl -25 -24 -80 -148 -204 -223 -243 -240 -211 -172 -ll6 -65 -li50 
PND2 19 42 120 173 203 209 215 210 165 122 82 29 1588 
HRVl 9 26 90 138 165 1 78 183 178 139 98 61 18 1283 

----------------------------------------------~-------------------------
Total 3 44 130 164 164 164 155 148 94 48 27 -18 1121 
~et 9 26 90 138 165 178 183 178 139 98 61 18 1283 

The computer ran the 42-month period which began June 1, 1989 and ends 
December 31, 1992. A plot of magnesium concentrates for the period is shown 
on Graph 1. Note how concentrations continually increase. 
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Now pri~t out the "BASECASE.END• data. This shows the pond status at the 
end of this 42-month period. All ionic concentrations are shown. Notice, 
for example, that the pond concentration has increased from 1.75 percent Mg 
in June of 1989 to 2.24 percent in December of 1992. 

~nd1nc Conditions File 
;~art Conditions Fro• :EL~EX.DAT 
~oael run covered 5 years. 
•odel ran 42 months. 
rh~ first month run was June. 
T~~ last month run was December. 
fhe evaporation factor was 1.000. 
The precipitation factor was 1.000 . 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
~dke 0 0 0 0.04 1.05 0.13 1.90 0.26 1000000 
?SDl 2500 100 100 0.56 6.87 2.24 15.93 3.54 500000 
PSD2 500 50 50 0.65 6.33 2.59 15.95 4.10 400000 
HRVl 400 30 30 0.73 5.79 2.93 15.94 4.63 300000 

o.o 0.L:'.) 
1.0 O.•j3 
0.0 0.01 
o.o 0.00 

Of course, all of this is based on an estimated evaporation rate, which, ac­
cording to the yearly print out, should produce near 1,283,000 tons of NaCl 
per year. Suppose El Mex only produces 900,000 tons per year as a matter of 
record. This means that the evaporation rate is too high. If we multiply 
1.283000 by a factor of .70 (900,000 + 1283000) then the correct value of 
900,000 tons would be obtained. This .70 factor can be placed in the com­
puter when it asks for an evaporative factor. This is a type of calculation 
step that will correct calculations to duplicate actual conditions at El 
Mex. 

Since GSL does not know actual conditions at El Mex, a factor of 1.0 will be 
used. 

Case 1. No Recycle 

Now an exact duplicate of the Base Case will be run, except recycle brine 
will be eliminated. This run is also shown in the Appendix. The starting 
dat& is shown on the next page. Note that the data is identical to the base 
case except for a "l" in the "Rec" colum:'\ has been replaced by a "0" meaning 
that the pond is not receiving any recycled brine. A "l" means the pond is 
receiving recycled brine from the last salt crystallizer. 

Note in the no recycle case, magnesium in the first concentration pond has 
decreased from 1.75% Mg down to 0.51 in just 42 months. This will be a 
tremendous boost to salt quality and will also result in much higher salt 
production in the fuLure. (See Appendix 8) 



-

This is the set-up for the El ~ex pond system ~ithout bitterns recycle. 
The Lake is the concentration of the open ocean. 
The line of asterisks may be moved to accomodate more comments. 
Sotice that ponds whose names begin with H are assumed to be harvestable. 
The net deposit of the system is summed from these harvestable ponds. 

Pond Area 
'.'liame I Hect. I 

Current Target 
Depth Depth 
I cm) I cml K 

Ion weight Percents 
~a ~~ Cl S04 

Salt 
~ax. Flow Rec. Dsv. 

(Tons/di Fact . 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Lake 0 0 0 0.04 1.05 0. 13 1. 90 0.26 1000000 0 0.00 
PNDl 2500 100 100 O.H 7.0i 1. i5 15.35 2.57 500000 0 1.l.05 
P~D2 500 50 50 0.50 7. 02 2.16 15. 14 3.17 400000 0 0.01 
HRVl 400 30 30 0.67 5.73 2.87 H.5i L20 300000 0 0.00 

l". 

Case 2. Series Pond Operation 

It has already been suggested that salt crystallizer brine not be recycled. 
This will increase crystallized salt purity and will also increase the over­
all evaporative rates caused by lower magnesium concentration. 

Crystallizer ponds placed in series will also increase both salt quality and 
quantity. The next case shows a computer run and an explanation how this is 
done. 

El.MEX.DAT data file represents a starting point for the computer. 

LAKE - sea brine. PND 1 - the large, 25 square kilometer preconcentration 
pond. PND 2 is the second preconcentration pond and HRVl represents the 
salt crystallizer. The brine sequence is Sea~ Preconcentration Pond #l ~ 
Preconcentration Pond #2 ~Salt Pond. To simulate a two salt pond system, 
the single salt pond of Base Case or Case 1 must be divided in two. This 
can be done as follows: 

1. Start the program as done in Base Case by executing ELMEXMOD. When the 
computer asks for the data file, type in the name of the file desired or, if 
the desired file is non-existent, type El.MEX.DAT and push ENTER. The file 
will now appear ~n the screen and a question will be asked: 

l -~~'.) r ,.~m '3 i.11e>< ::at : 
)QNl .::o.Jn<J ·: •J,.. '1 t r1r - :.~ ..ie •·~t"I r:. .:er-i:enc.s .::·:r .. J ,;l~r- . ..: -. ~ l~ 

N3me .:.rea :•ec:."' Jeotr1 invi!'n~or.., ·~K ";:;N~ 'oMO ·~i.:: .i. 't.504 M3,, ;; 
ok :.w =~f:. - -:. 

"1,::).-,. I ·:,Tl :;n . :.n ~ ' n - ) .: _,, 

_.~w~ !) ' ') )4 . s " 7 ' 1·) . 
.:-'!.. ~ : .:,.)1J1:o . . v . - . ..; - - , -·-,,..r, l :: ~ .:1·) - ~ . ; r:. =·>:. . -";. - ; ·l l . - ' ) ; ~ - r. 3 ~3 : ; sor: .. :,o'.) l 

. 
) ; 5 '.J - - . 

:>r;(;: ~ ·~)·.: - . . _e . '.:) .. _, -. . - '., = •'=' . 3 :4 ~ ~ 7 ... ')Q .)•)•) ·) " -- . ., 
"4i:l\i J,r)<j , --· , 

) -:. 7 ' . - - ~ - . _, _, . ' 2 37 ~ .. 5 :9 4 ~0 ~·':J~j<)1')0 .') " " -;i) - j , , 
~ ';=. ~ ' ~~ 1 l r J -·' -. :i ~ r• . -

:. 

". 



Press the N key and another question will be asked at the bottom of the 
screen: 

••
1J'Se,,. .;cecit:e·j '2,..;-·:::::r i, :.,put ,jata .. •• 

Co iOu want to read a ai~ferenc file? ·y. 0 r <N~ 

Now you can push Y and enter a different file, or you can press N and change 
the EI.MEX.DAT file. In this case we will change the existing file. Type N. 
The screen now changes to add two more lines. 

**Cser specified error in input data.** 
Do you want to read a different file? .<Y> or <S> ~ 

Pro~ram will exit to the editor with elmex.dat 
Press <Enter> to continue. 

Press ENTER and a new screen appears as shown next. 

;:LME:X. CAT l.. : l Cl c; l B: l JVR C.I 
Tnis is c~e set-uc for the E~ Mex svstem as it is oresently run. 
rhe l..aKe is tne concentration of cne ooen ocean. 
The line ot asterisKs ~ay be moved to accJmooate more comments. 
Notice Chat ocr:! ~hose names oegin w1cn ~ are assumea to oe ~drvestable. 
·~e ne: ~eoasic Jf the s,stem ~s summed ~ram t~e~e nar~estao.e ooras. 

Pond ~rea 

N<ime r Hee t. J 

_31<e j 

PNDi. O:SOJ 
PND2 S<)1) 

HRV! 400 

:.Jr,..i:nt 
Deotn 
(Cm) 

) 

·~r J.. -J ,) 

S•J 
~o 

Target 
:,eotn 

.;~) 

Io~ Weight Percents 
Na Mg Cl 504 

------
'J ) . ;)4 l. •.)5 ij. i 3 i.. '10 •J. 2~ 

100 r). 4 l 7.07 l. 75 15.35 2.57 
so 0.50 7.02 2. 16 15. 14 ~. l 7 
30 0.67 5.73 2.87 14.57 4.20 

Ma..:. Fi.ow Rec. 
(Tons/dl 

1•)00000 'J 
500000 
400000 0 
300000 0 

:~.: 

Gsv. 
F 3CC • 

:, . >J 
·). ~5 
0. 1) l 
0.00 



This screen is actually a text editor called EDWIN. Changes can now be made 
to this data and then storerl for use in the program. We will change the 
HRVl pond by dividing it in half. Move the cursor down to the ~rea (Hect) 
space on the HRVl line and overtype this 4 with a 2. This will change the 
salt area from 400 hectares (4 square kilometers) to 200 hectares. Now push 
ENTER and the cursor will move to the blank space just under HRVl. Type 
HRV2 and rluplicate everything else as shown for HRVl. The screen should now 
look like this: 

3 . -~,. ....... 

r~is ~s ~~e set-~O fo~ t~e El ~ex 5~~:em 3S i: 15 ~resent!~ r~n. 

-ne ~ake is tne :oncentraticn :f :~e ~oen ocean. 
The line of asterisks mav be moveo to accomooate mc~e :ommencs. 
~otice tnat oonos ~nose names oeg1n ~itn ~ are assumea to oe -3r~estac:e. 
The net aecosit of cne system is summea from tnese nar~estab:e coras. 

::ur,..ent -arget ~.~.:.: 

Pond Area Dectn :>ecth !on wei.gnt ::er-::en~s "'1ax. e::o ... ~ec. :s". 
Name t Hect. J (:ml (cm) o( "la :'1g Cl 504 'T::ins; •::I l =.a.::: . 

··~······································································· 
~aKe 0 0 0 0.•J4 :.JS 0.13 l. :;o '). 26 :oocooc J ').•JO 
PNOl 2500 LOO lOO 0.4L 7.07 l - 75 !S.35 2.57 SOOOOOi/.J J.~5 

ON02 500 50 :) . 50 7.02 2.16 15.14 3.1'7 400000 I) J. :i !. 
HRVl 200 30 0.67 5.73 :.87 :4.57 4.20 300().0'6 0 0.00 
..,RV2 200 !O O.o7 5.73 2.87 L4.57 4.20 3';()000 0 '). 00 

lO"fldM L.\NE. ~ \~ AOOeo NOrE C\4Alll(:,I!.~ 

Now press CTRL K X c~ Fl and the data will be saved in the file EU1EX.DAT. 
The old data in EU1EX.DAT will be lost. The screen will now look like this: 

Data read 'rom elmex.csat: 
=iono ;:iono Curnt Tar Ion 1<11ei-.ht Percents Pond ;Jona Salt 
Name Area Dec th Oectn Inventory \K \Na \Mg \Cl \504 Max Flow Rec. Di>. 

(Hect> (CmJ (Cm) (Tens) ! m · 3/d J Fact 
I.. a Ke 0 0 0 0 0.04 l.05 0. 1.3 l.90 0.26 LOOOOOO 0.0 0.00 
Pfl!Ol 2500 100 LOO .306.38767 0.41 7.07 l. 75 15 . .35 2.57 500000 0.0 0.05 
PN02 soc 50 so !109028 0.50 7.02 2 .16 15 .14 3.17 400000 0.0 O.OL 
"1RVl 200 .30 30 761052 0.67 5.73 2.97 L4.57 4.20 300000 0.0 0.00 
HRV2 200 30 30 761052 0.67 5.73 2.87 14.57 4.20 300000 o.o 0.00 
Is all tne data correct'? < '() or <N> 



If it is desired not to over-write the EI.MEX.DAT file, this can also be 
done. Place the cursor at the beginning of the text and push CTRL K B. 
Then place the cursor at the end of the text file and push CTRL K K. This 
will mark the block. Then, push CTRL KW. The question at the top of the 
screen asks: What File Name? Type in the new name you want for the file 
such as ELMEX2.DAT. Now the data file will be stored without destroying the 
old file. To exit back to ELMEXMOD, push CTRL K Q and follow screen print 
instructions. 

The question is asked: 

Is all the data correct? <Y> or <N> 

Press Y and the screen now advances to the question of normal routine. 
Enter in the same time, evaporation, and precipitation data as was done for 
the Base Case. Call the data file TWO-PNDS and the end file TWO-PNDS.END. 
Now print out the files. These files are shown in the Appendix of the 
report. A swnmary of the fourth year is shown below. 

Summary of year 4 
~onths Calculated = January to December 
Deposit in thousands of tons. 

Jan Feb Mar Apr May Jun Jly Aug Sep Oct Nov Dec Tot 
Pond 
PNDl 
PND2 
HRVl 
HRV2 

Total 
Net 

-49 -44 -159 -246 -344 -349 -396 -379 -334 -280 -168 
47 74 157 224 255 273 279 274 228 168 121 
13 23 58 87 102 109 114 110 90 65 44 
4 13 47 72 86 92 97 92 73 52 31 

-99 -2847 
64 2163 
20 839 
8 667 

15 66 102 138 100 124 93 98 58 5 
18 36 105 159 188 201 211 203 164 117 

29 -6 
76 29 

822 
1506 

Note that the salt deposited is 1,506,000 tons in the salt ponds, compare 
this to the base case of 1,283,000. This increase of 223,000 tons is the 
result of simply placing salt crystallizer in series flow and not recycling 
concentrated brine. 



With the computer program, a variety of cases can be made to optimize the 
ponds. GSL has run several cases and depending on the accuracy of the 
evaporation, much can be done to increase production. 



Borg El Arab 

The computer program can also be used for the Borg El Arab pond system_ 
simply create a data file for Borg El Arab to start with and the computer 
will begin with that. 

Borg El Arab is much different than El Mex Salines because it does not have 
a sodium chloride floor. All salt must rely on the sea. 

As understood by GSL, Borg El Arab is 24 square kilometers in size or 2,400 
hectares. This area is divided into one large 2,000 hectare concentration 
pond and 400 hectare crystallization ponds. The concentration pond is 
divided by a cement factory road. There is about 300 hectare of 
preconcentration pond on one side and 1,700 hectares on the other. 

If we assume that the salt ponds will be run in series, then the pond system 
will be run as shown below: 

--'.! :s :~e se:-~= ~:· :-e ~=·~ __ ~~~= 5•!tem =~ care!. 
~--= _3"9 :.3 ::1e ::J.~c~r.:~·3:.:.:r. :~ :-e :ce,., :c:i ...... 
r:-= i~rie ;f' ~st-: ... i.:;.-·:; "TT3v' ~>= 111.-: ... ~ .. ~ r_·J 3:=::1....,'J·::a_:-= -:Jr-a :'J'l'lm~r::.. 

"4"":~~::~ ~ti.a': ::.or"'·JS ,... ..... :=.~ ·:.;..~·~5 :...~<.::.·, .-..:.:-i - .J..-? :1-~~·-UTl~·j :J ::::..-: ··d.' ,-:5:_\:-=-. 

- e ~e: :eoos1: :- :-e ~-~:em .: ~-~~e~ ·-~m :·ese ~a~~es:3c.e ==n~!-
- .. .. -. ~ -5 ~ p ;t. ~ ":. : ... l ~ "'.: :\ "':: : - ~ ::.: .: - :! ; .;i - -:0 .... ~ .. -: •.j "'"' ~ : ,..... : : A .... '""\ ::i , ... i "".: =' - ..l : - ~ r-

""'\ ir'i s-=~1..J':?I"'=':? -:r :. ,~-;t~·=.. 

~ .i - ._ 

::J-:- "'1-j )eot.n .... 3 • .. = 5 ~ . 

".,'"~ ;_.~er. ...,., ·:il· -\, -,.3 "'1,~ ~.J..1 -Jr;. -;i:: . 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

- : :~ .. _ i~ >:. .. .. - .. :, '' --:, ~- ~ ; •;. - - • ..,, ..i j. :-:. 

~:.o ; J ~4 ::. -;:l'J '.) l ~ - . - - . ;( ) ..::~ : ~ . ,. - -· . 
;::Nf)2 7 - '"' i) . ·) ~4 ' 

J'. 'J . - - ~0 j - '' - . 
' ' -~ • . ..,1. -

::oc c ~ 

~· . ' " - ~ rl., J . v .) .. - _,::; - ~ .,_, - - =- :c·J J 
,...~~~ :;o .) I) ') :4 . : ': j . ' ) ~~ - " ·) .. _, 

The computer print out of Appendix E shows that steady state production is 
near 700,000 TPY if pond~ are run in series. There also appears to be a 
mismatch in pond area ratios. If these ratios are adjusted even more salt 
could be produced. It is suggested, however, that no changes be made until 
several years running and evaporative and production rates can be sued to 
optimize the ponds as ind!cated by computer model runs. 



Computer Model Details 

The computer program enclosed is quite comprehensive. It has the program to 
dissolve salts from the bottom of the floor if salt is present. The amount 
of salt it dissolves is controlled by the computer operator. Evaporation, 
rain, pump flow rates, pond size, concentrates, depth, and bittern recycle, 
can also be specified by the computer operator. 

The user can also follow a complete material balance through the pond day by 
day. This is time consuming but in time it may be very important to see 
what is really happening in a pond system. 

GSL can provide specialized training in the detailed use of the model if 
needed. 

The next page shows an example of the pond material balance from July 24 to 
July 25. 

"Mass Balance - 0.000" means that TONS IN minus TONS OUT - 0.000, a perfect 
balance. Anything other than 0.000 is unsatisfactory. ~otice that each 
pond is tested for Mass, Mg, and Na. 

The disk included with this book is formatted 1.2 meg. This is done so that 
more storage space can be used on the disk. If the user runs out of space, 
then some files must be removed. One way to overcome this problem is to 
copy the disk to a hard disk and then execute the program from the hard 
disk. Another way is to simply place in another data storage floppy disk. 

If a 1.2 meg formatted disk is not compatible with El Mex computer, GSL can 
supply a 360K~720K formatted disk. 
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File Names 

Starting Conditions 

Ending Conditions 

Running File 

APPENDIX A 

BASE CASE RUN 

El.MEX.DAT 

BASECASE.END 

BASECASE 



This is the set-up for the El Mex systea as it is presently run. 
The Lake is the concentration of the open ocean. 
The line of asterisks aay be moved to accomodate more coaaents. 
Notice that ponds whose names begin with H are assumed to be harvestable. 
The net deposit of the system is suamed from these harvestable ponds. 

Current Target Salt 
Pond Area Depth Depth Ion Weight Percents Max. Flow Rec. Dsv. 
Name (Hect.) (cm) (cm) K Na Mg Cl 504 (Tons/d) Fact 
************************************************************************• 
Lake 0 0 0 0.04 1.05 0.13 1.90 0.26 1000000 0 O.OU 
PNDl 2500 100 100 0.41 7.07 1.75 15.35 2.57 500000 1 O.OS 
PND2 500 50 50 0.50 7.02 2.16 15.14 3.17 400000 0 0.01 
HRVI 400 30 30 0.67 5.73 2.87 14.57 4.20 300000 0 0.00 

Endin~ Conditions File 
Start Conditions Froa :ELMEX.DAT 
Hodel run covered 5 years. 
Hodel ran 42 aonths. 
The first month run was June. 
The last aonth run was Deceaber. 
The ev39oration factor was 1.000. 
The precipitation factor waa 1.000 • 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Lake O 0 0 0.04 1.05 0.13 1.90 0.26 1000000 
PNDl 2500 100 100 0.56 6.87 2.24 15.93 3.54 500000 
PND2 500 50 50 0.65 6.33 2.59 15.95 4.10 400000 
HRVl 400 30 30 0.73 5.79 2.93 15.94 4.63 300000 

o.o 
1.0 
o.o 
o.o 

0 
0 
0 
0 



El Mex Model Su-ary File "BASECASE" 
Evaporation factor is 1.000 Precipitation factor is 1.000 

Year = 

Pond 

PNDl 
PND2 
HRVl 

Year = 

Pond 

PNDl 
PND2 
HRVl 

1 Month = June 
Average 
Daily 
Depth 

99. -I 
48.3 
28.5 

Average 
Daily 
Flow 

104863 
74100 
51663 

1 Month = July 
Average 
Daily 
Depth 

99.3 
47.9 
28.1 

Average 
Daily 
Flow 

125981 
95476 
73020 

Beginning 
Average 
Daily 

Day = 1 Days Run This Month = 30 

Mg X 
Ending 
Depth 

1.74 99.9 
2.26 50.0 
3.04 30.0 
Total Monthly Salt 

Harvestable Salt 

Ending 
Mg X 

1. 75 
2.29 
3.06 

De-posit = 
Deposit = 

Salt 
Deposit 

-529080 
216367 
169778 

-142934 
169778 

Beginning 
Average 
Daily 

Day = 1 Days Run This Month = 31 

Mg X 

1. 76 
2.30 
3.04 

Ending 
Depth 

99.9 
50.0 
30.0 

Total Monthly Salt 
Harvestable Salt 

Ending 
Mg X 

1. 77 
2.31 
3.02 

Deposit 
Deposit 

= 
= 

Salt 
Deposit 

-288402 
231588 
1134385 
127571 
184385 

Year = 1 Month = August Beginning 
Average Average Average 

Day = 1 Days Run This Month = 31 

Daily Daily Daily 
Pond Depth Flow Mg X 

Ending 
Depth 

PNDl 
PND2 
HRVl 

99.4 
47.9 
28.1 

125889 
96350 
74467 

1. 78 99.9 
2.31 50.0 
3.00 30.0 
Total Monthly Salt 

Harvestable Salt 

Ending 
Hg X 

1. 79 
2.32 
3.00 

Deposit 
Deposit 

= 
= 

Salt 
Deposit 

-257107 
225680 
179550 
148124 
179550 

Year = 1 Month = Septeaber Beginning Day = 1 Days Run This Month = 
Avera1e Avera1&e Avera1e 
Daily Daily Daily Endinl Endinl Salt 

Pond Depth Flow Ml S Depth Mg S Deposit 

----------------------------- --------------- -------
PNDl 99,5 103677 1.80 99.9 1.80 -223320 
PND2 48.3 79173 2.33 50.0 2.33 182550 
HRVl 28.4 61395 3.00 30.0 3.00 141088 

Total Monthly Salt Deposit = 100318 
Harvestable Salt Deposit = 141088 

Year = 1 Month • October Be1innin1 Day • 1 Days Run This Month • 31 
Avera1e Avera1e Avera10 
Daily Daily Daily Endinl Endinl Salt 

Pond Depth Flow MC S Depth Ml X Deposit 

----------------------------- --------------- -------
PNDl 99.6 71804 1.81 100.0 1. 81 -180554 
PND2 48.8 54922 2.34 50.0 2.35 132025 
HRVl 28.9 42881 2.99 30.0 3.00 98855 

Total Monthly Salt Deposit • 50326 
Harvestable Salt Deposit • 98855 

• 

30 



Year = 1 ~onth = Sovember BeginninC Day = 
Average Average Average 

l Days Run This ~onth = JO 

Daily Daily Daily ~nding 
Pond Depth Flow ~g X Depth 

PNDl 
PSD2 
HRVl 

99.i 
-t9. 2 
29.3 

-t77-ti 
36226 
28458 

1.82 100.0 
2.35 50.0 
2.99 30.0 
Total Monthly Salt 

Harvestable Salt 

Ending 
Mg X 

l.82 
2.36 
3.00 

Deposit = 
Deposit = 

Salt 
Deposit 

-121429 
88637 
61771 
28980 
61 iil 

---------------------------------------------------------------
Year = l Month = December Be~innin~ Day = 

Average Average Average 
l Days Run This ~onth = Jl 

Daily Daily Daily End inc 
Pond Depth Flow ~C X Depth 

PNDl 99.9 18100 l.82 100.0 
PND2 49.7 13704 2.36 50.0 
HRVl 29.7 11495 2.97 30.0 

Total Monthly Salt 
Harvestable Salt 

Summary of year 1 
Months Calculated = June to December 

Deposit in thousands of tons. 
Jan Feb Mar Apr May Jun Jly Aug 

Ending 
Mg X 

l. 82 
2.37 
2.96 

Deposit 
Deposit 

= 
= 

Sep Oct 

Salt 
Deposit 

-67981 
35459 
18531 

-13991 
18531 

Nov Dec Tot 
Pond -------------------------------------------------------------------
PNDl 0 0 0 0 0 -529 -288 -257 -223 -181 -121 -68 
PND2 0 0 0 0 0 216 232 226 183 132 89 35 
HRVl 0 0 0 0 0 170 184 180 141 99 62 19 

Total 0 0 0 0 0 -143 128 148 100 50 29 -14 
Net 0 0 0 0 0 170 184 180 141 99 62 19 

Year = 2 Month = January Becinninc Day = 1 Days Run This Month 
Ave race Average Average 
Daily Daily Daily End inc EndinlJ Salt 

Pond Depth Flow Hg X Depth Hg X Deposit 

----------------------------- --------------- -------
PNDl 99.9 7973 1.82 100.0 
PND2 49.9 5238 2.38 50.0 
HRVl 29.9 4282 2.96 30.0 

Total Monthly Salt 
Harveatable Salt 

Year = 2 Month = February Beginning Day = 
Average Avera1e Average 
Daily Daily Daily End inc 

Pond Depth Flow H• X Depth 

PNDl 
PND2 
HRVl 

99.9 
49.7 
.9.8 

17140 
10842 

7323 

1.82 100.0 
2.41 50.0 
3.01 30.0 
rotal Monthly Salt 

Harve•table Salt 

., ~· 

1. 82 -25817 
2.39 22033 
2.96 7912 

Deposit = 4128 
Deposit = 7912 

1 Daya Run This Month 

Endinl 
Hg ~ 

1. 82 
2.43 
3.03 

Depo•it = 
Depo•it • 

Salt 
Depo•it 

-23376 
45795 
25382 
47801 
25382 

-1668 
1112 

854 

298 
854 

= 31 

= 28 



---------------------------------------------------------------
Year = 2 ~onth = March Beginning 

Average Average Average 
Day = 1 Days Run This ~onth = 31 

Daily Daily Daily 
Pond Depth Flow ~II X 

PSDl 99.i 83574 1.83 
PND2 48.6 68402 2.39 
HRVl 28.6 57625 2.99 

Total 

Ending 
Depth 

100.0 
50.0 
30.0 

~onthly Salt 
Harvestable Salt 

Ending 
~II X 

1.85 
2.32 
2.85 

Deposit 
Deposit 

= 
= 

Salt 
Deposit 

-8l-U4 
123884 

90122 
13l5~2 

90122 

Year = 2 ~onth = April Beginning Day = 1 Days Run This ~onth = 30 
Average Average . .\verage 
Daily Daily Daily Ending Ending Salt 

Pond Depth Flow Mii x Depth Mg x Deposit 
----------------------------- --------------- -------
PSDl 99.5 100190 
PSD2 48. 4 75846 
HRVl 28.5 58051 

Year = 2 Month = May 
Average Average 
Daily Daily 

Pond Depth Flow 

1.85 99.9 1.86 -152738 
2.37 50.0 2.36 184732 
2.97 30.0 2.95 139928 
Total Monthly Salt Deposit = 171921 

Harvestable Salt Deposit = 139928 

Beginning Day = .1 Days Run This Month = 31 
AveratJe 
Daily 
Mg x 

Ending 
Depth 

EndinlJ 
MIJ X 

Salt 
Oeposi t 

-----------------------------
PNDl 
P~D2 

HRVl 

Year = 

Pond 

P~Dl 
PND2 
HRVl 

99.4 131583 
4 7. 9 104424 
27.9 84253 

2 Month = June 
Average 
Daily 
Depth 

99.3 
47.9 
28.0 

Average 
Daily 
Flow 

131140 
100785 

78055 

Year = 2 Month = July 
Averace Averace 
!>aily Daily 

Pond Depth Flow 

DNDl 
PND2 
HRVl 

99.3 
47.6 
27.7 

14e567 
115536 

92956 

1. 86 99.9 
2.38 50.0 
2.99 30.0 
Total Monthly Salt 

Harvestable Salt 

1. 89 
2.32 
2.85 

Deposit 
Deposit 

= 
= 

-211873 
210918 
165932 
164977 
165932 

Beginning 
Aver ace 
Daily 

Day = 1 Days Run This Month = 30 

Mg X 

1. 88 
2.39 
3.00 

Ending 
Depth 

99.9 
50.0 
30.0 

Total Monthly Salt 
Harvestable Salt 

Ending 
Mg X 

1.90 
2.37 
2.93 

Deposit 
Deposit 

= 
= 

Salt 
Deposit 

-232137 
224784 
178854 
171501 
178854 

Beginning 
Average 
Daily 

Day = 1 Daya Run This ~onth : Jl 

H• X 
Endin1 
Depth 

1.90 99.9 
2.39 50.0 
2.99 30.0 
Total Monthly Salt 

Harvestable Salt 

~ "=-" 

End inc 
HC % 

1. 92 
2.35 
2.88 

Deposit a 
Deposit a 

Salt 
Deposit 

-~52730 
·;27863 
184733 
159867 
184733 



---------------------------------------------------------------
Year = 2 Month = August Beginning 

Average Average Average 
Day = 1 Days Run This ~onth = 31 

Daily Daily Daily 
Pond Depth Flow Mg ~ 

Ending 
Depth 

PNDl 99.4 135330 1. 92 99.9 
PND2 47.8 106209 2.41 50.0 
HRVl 27.9 84246 2.99 30.0 

Total ~onthly Salt 
Harvestable Salt 

Year = 2 ~on th = Septeaber Beginning Day = 
Average Average Average 
Daily Daily Daily Ending 

Pond Depth Flow Mg X Depth 

Ending 
~g x 

!. • 94 
2.38 
2.91 

Deposit 
Deposit 

1 Da)·s 

EndinlJ 
MC " ----------------------------- ---------------

PNDl 99.5 100434 1.94 99.9 1. 93 
PND2 48.4 76057 2.42 50.0 2.47 
HRVl 28.5 58055 2.99 30.0 3.09 

Total Monthly Salt Deposit 
Harvestable Salt Deposit 

= 
= 

Run 

= 
= 

Salt 
Deposit 

-250256 
219907 
178719 
1483i0 
li8719 

This ~on th 

Salt 
Deposit 
-------
-219958 

180731 
140642 
10l·H6 
140642 

= 30 

Year = 2 Month = October Beginning 
Average Average Average 

Dav : 1 Days Run This Month = 31 

Daily Daily Daily 
Pond Depth Flow Hg X 

Ending 
Depth 

PNDl 99.6 84713 1. 95 100.0 
PND2 48.6 68214 2.42 50.0 
HRVl 28.6 56174 2.96 30.0 

Total Monthly Salt 
Harvestable Salt 

Year = 2 Month = November Beginning Day = 
Average Average Average 
Daily Daily Daily Ending 

Pond Depth Flow Hg X Depth 

1 

Ending 
!ofg x 

1. 95 
2.46 
3.03 

Deposit 
Deposit 

= 
= 

Days Run 

Ending 
Mg X 

----------------------------- ---------------
PNDl 99.8 46392 1.96 100.0 1. 95 
PND2 49.2 35059 2.45 so.o 2.50 
HRVl 29.3 27210 2.99 30.0 3.10 

Total Monthly Salt D~poait = 
Hai·veatable Salt Depoait = 

'(ear = 2 Month a December Beginnin• Day = 1 Days Run 
Average Ave race Average 
Daily D&ily Daily Endi.1• End inc 

Pond Depth Flow Mg X Depth H• X 
----------------------------- ---------------
PNDl 99.9 24607 1.96 100.0 1.96 
PND2 49.6 20546 2.44 50.0 2.47 
HRV1 29.6 18387 2.95 30.0 3.00 

Total Monthly Salt Deposit • 
Harveatable Salt Depoai t :II 

Salt 
Deposit 

-178121 
128231 

98968 
49078 
98968 

This Month 

Salt 
Deposit 
-------
-120443 

86478 
61485 
27520 
61485 

Thi• Month 

Salt 
Depoait 
-------

-670 . .: 
3292i 
18677 

-15463 
18677 

= 30 

= Jl 



Summary of year 2 
Months Calculated = Jan~~ry to December 

Deposit in thousands of tons. 
Jan Feb Mar Apr ~ay Jun Jly Aug Sep Oct ~ov Dec Tot 

Pond 
PNDl 
PND2 
HRVl 

-------------------------------------------------------------------
-26 

22 
8 

-23 
46 
25 

-81 -153 -212 -232 -253 -250 -220 -178 -120 -67 
124 185 211 225 228 220 181 128 86 33 

90 140 166 li9 185 179 141 99 61 19 

-1816 
1688 
1291 

------------------------------------------------------------------------
Total 4 48 133 172 165 172 160 148 101 -49 28 -15 
Net 8 25 90 140 166 li9 185 li9 141 99 61 19 

Year = 3 'fonth = January Beginning Day = 1 Days Run This Month = 
Average Average Average 
Daily Daily Daily EndintJ Ending Salt 

Pond Depth Flow Mg " Depth Mg x Deposit 

----------------------------- --------------- -------
PNDl 99.9 4320 1. 96 100.0 1. 95 -24232 
PND2 49. 9 1840 2.49 50.0 2.51 19595 
HRVl 30.0 968 3.02 30.0 3.03 6829 

Total Monthly Salt Deposit = 2191 
Harvestable Salt Deposit = 6829 

---------------------------------------------------------------
Year = 3 Month = February Beginning Day.= 1 Days Run This Month = 

Averatte Average Average 
Daily Daily Daily Ending Ending Salt 

Pond Depth Flow Mg x Depth Mg x Deposit 

----------------------------- --------------- -------
PNDl 99.9 200;2 1. 95 100.0 1. 95 -21318 
P~D2 49.7 14201 2.53 50.0 2.54 42913 
HRVl 29.7 10875 3.07 30.0 3.08 24188 

Total Monthly Salt Deposit = 45783 
Harvestable Salt Deposit = 24188 

---------------------------------------------------------------
Year = 3 Month = March Be~inning 

Average Average Average 
Day = 1 Days Run This Month = 31 

Daily Daily Daily 
Pond Depth Flow Hg X 

Ending 
Depth 

PNDl 99.7 83313 1. 97 100.0 
PND2 48.7 68210 2.47 50.0 
HRVl 28.6 57260 2.98 30.0 

Total Monthly Salt 
Harvestable Salt 

Ending 
Hg X 

1. 97 
2.48 
3.02 

Deposit 
Deposit 

= 
= 

Salt 
Deposit 

-80131 
122429 

90233 
132531 

90233 

---------------------------------------------------------------
Year = 3 ~onth = April Becinninc 

Average Average Average 
Day = 1 Daya Run This Month = jQ 

Daily Daily Daily 
Pond Depth Flow Mc X 

Ending 
Depth 

PNDl 
PND2 
HRVl 

99.5 
47.9 
27.9 

128148 
104541 

87056 

1.99 99.9 
2.46 50.0 
2.99 30.0 
Total Monthly Salt 

Harvestable Salt 

End inf 
Ml X 

2.00 
2.44 
2.94 

Deposit • 
Deposit • 

Salt 
Deposit 

-150226 
178539 
139010 
167323 
139010 

1164 
1291 

31 

28 



---------------------------------------------------------------
Year = 3 '.lion th = '.ltay 

Average Avera(e 
Daily Daily 

Pond Depth Flow 

Be( inning 
Average 
Daily 
'.It( x 

Day = 1 Days Run This ~onth = Jl 

Ending 
Depth 

Ending 
~g x 

Salt 
Deposit 

-----------------------------
PSDl 
PND2 
HRVl 

Year = 

Pond 

PNDl 
PND2 
HRVl 

Year = 

Pond 

PSDl 
PND2 
HRVl 

99. 4 128965 
·H.9 101905 
28.0 81544 

3 Month = June 
A.,.·erage 
Daily 
Depth 

99.4 
4 7. 5 
27.5 

Average 
Daily 
Flow 

153856 
124058 
101341 

3 Month = July 
Averaite 
Daily 
Depth 

99.4 
47.4 
27.4 

Ave race 
Daily 
Flow 

159963 
130349 
107756 

2.00 99.9 
2. -l 7 50.0 
3.00 30.0 
Total Monthly Salt 

Harvestable Salt 

2.01 
2. -l9 
J. 0-t 

Deposit 
Deposit 

= 
= 

-208332 
208-450 
165223 
1653-ll 
165223 

BeginninlJ 
Avera(e 
Daily 

Day = 1 Days Run This ~onth = 30 

Mg ~ 

2.02 
2.47 
2.98 
Total 

Ending 
Depth 

99.9 
50.0 
30.0 

Monthly Salt 
Harvestable Salt 

Ending 
~g x 

2.02 
2.52 
3.09 

Deposit 
Deposit 

= 
= 

Salt 
Deposit 

-227616 
216658 
li8617 
167658 
178617 

Beginning 
Average 
Daily 

Day = 1 Days Run This Month = 31 

Mg ~ 

2.04 
2.49 
2.99 

End inc 
Depth 

99.9 
50 0 
30.~ 

Total Monthly Salt 
Harvestable Salt 

Ending 
MC X 

2.04 
2.53 
3.08 

Deposit 
Deposit 

= 
= 

Sa.Lt 
Deposit 

-2-18128 
222360 
184048 
158280 
184048 

Year = 3 Month = August Beginning 
Average Average Average 

Day = 1 Days Run This Month = 31 

Daily Daily Daily 
Pond Depth Flow MC ~ 

Ending 
Depth 

PNDl 99.4 158215 2.06 99.9 
PND2 47.4 129613 2.50 50.0 
HRVl 27.4 107757 2.99 30.0 

Total Monthly Salt 
Harvestable Salt 

Year = 3 Month = September Beginning Day = 
Average Ave race Average 
Daily Daily Daily Ending 

Pond Depth Flow Ml ~ Depth 

Ending 
MC ~ 

2.06 
2.53 
3.06 

Deposit 
Deposit 

= 
= 

1 Da.ys Run 

Ending 
Mg ~ 

----------------------------- ---------------
PNDl 99.5 144225 2.07 99.9 2.09 
PND2 47.7 120823 2.51 50.0 2.48 
HRVl 27. f; 103256 2.99 30.0 2.92 

Total Monthly Salt Deposit :a 

Harvestable Salt Deposit • 

Salt 
Deposit 

-245388 
214546 
178095 
147252 
178095 

This Month 

Salt 
Deposit 
-------
-215775 

172229 
139907 

96362 
139907 

= 30 



---------------------------------------------------------------
Year = 3 ~on th = October Be1Jinn1n1J Day = 1 Days Run This ~on th :: -~ l 

.~veralJe A .. ·erage Avera!Je 
Daily Daily Daily Ending EndinlJ Salt 

Pond Depth Flow ~g x Depth ~IJ x Deposit 
----------------------------- --------------- -------
P~Dl '.)9.7 92252 2 .1)9 lOO.O 2. 10 -li-l8-l8 
PND2 -18. 5 i6058 2.51 50.0 2. -l8 12-lH3 
HRVl 28.5 6-1033 2.~8 JO.O 2.91 98196 

Total ~onthly Salt Deposit = -li-191 
Harvestable Salt Deposit = 98196 

---------------------------------------------------------------
!ear = 3 ~onth = ~ovember Beginning Day = 

Average Average Average 
l Days Run This ~onth = 30 

Daily Daily Daily Ending 
Pond Depth Flow ~IJ X Depth 

Ending 
~g x 

PSDl 
PND2 
HRVl 

99.8 
-19. 2 
29.3 

-18147 
36989 
29068 

2.09 
2.52 
2.98 

100.0 
50.0 
30.0 

2.09 
2.54 
3.02 

Total ~onthly Salt Deposit = 
Harvestable Salt Deposit = 

Salt 
D~posit 

-118206 
8-178-l 
6161-l 
28192 
616P 

Year = 3 ~onth = December Beginning Day = 
Average Average Average 

1 Days Run This ~onth = Jl 

Daily Daily Daily Ending 
Pond Depth Flow ~g X Depth 

PSDl 99.9 3-1323 2.09 100.0 
PND2 49.-t 30670 2.57 50.0 
HRVl 29.-l 2877-l 3.04 30.0 

Total Monthly Salt 
Harvestable Salt 

Summary of year 3 
~onths Calculated = January to December 
Deposit in thousands of tons. 

Jan Feb Mar Apr May Jun Jly Aug 

Ending 
~g x 

2 .11 
2. -18 
2.86 

Deposit 
Deposit 

= 
= 

Sep Oct 

Salt 
Deposit 

-65326 
30798 
l i0i8 

-17-451 
1 7073 

Nov Dec Tot 
Pond -------------------------------------------------------------------
PNDl -24 -21 -80 -150 -208 -228 -?.48 -245 -216 -175 -118 -65 -1780 
PND2 20 43 122 179 208 217 l22 215 172 124 85 31 1637 
HRVl 7 24 90 139 165 179 184 178 140 98 62 17 1283 

----------------------------------------------------··-------------------
Total 2 46 133 167 165 168 158 147 96 47 28 -17 11-U 
Set 7 24 90 139 165 179 184 178 140 98 62 17 1283 

Year = 4 Month = January Becinninc Day = l Days Run This Month = 31 
Ave race Average Avera1e 
Daily Daily Daily Endinl Ending Salt 

Pond Depth Flow MC ~ Depth Mtt " Deposit 

----------------------------- --------------- -------
PNDl 99.9 3647 2.11 100.0 2.10 -25443 
PND2 49.9 1174 2.51 50.0 2. :J 3 19334 
HRVl 30.0 0 2.89 30.0 2.91 9069 

Total "'onthly Salt Deposit :s 2960 
Harvestable Salt Deposit :s 9069 

..,_.~~ 



---------------------------------------------------------------
rear = .. 'to nth = February Be1Jinnin1J Day = Days Run ih1s '1ontn = A..-era11e A'-·eralfe A"·era11e 

Daily Daily Dai~y Ending End inc '5111 t Pond Depth Flow 'tlJ " Depth '11J ' 1,,'epos ~ t ----------------------------- --------------- -------P'\Dl 99.9 9i-12 2. 10 100.0 :L09 -2J6J5 p-.;02 H.8 J808 ., -- 50. i) 2.62 -120J6 - •:>I 
HRH 29.9 l -15 .] .oo J1). •) 3. I); 2 ';51 i 

rotal '1onthly Salt Deposit = .i3918 
Harvestable Salt Deposit = 25517 

-----·---------------------------------------------------------
Year = .. 'ton th = 'tarch Bec1nnin11 Day = l Da)·s Run i his '1onth = Jt Average Ave race A'-·era11e 

Daily Dall)· Daily EndinlJ End inc .Salt Pond Depth Flow 'tg " Depth 'tlJ " Deposit ----------------------------- --------------- -------PSDl 99.i 89899 2. 11 100.0 2. 11 -i96.t2 PSD2 -18. 6 i5019 2.55 50.0 2.58 119i22 HRVl 28.5 6-1056 2.99 30.0 J. 06 i39i6i 
Total !ionthly Salt Deposit = 1298.ti 

Harvestable Salt Deposit = J9ilji 
---------------------------------------------------------------
Year = -I !ionth = April Be(inninc 

Averace Avera11e Average 
Day = l Days Run This 'tonth = JO 

Daily D~ily Daily 
Pond Depth Flow !'flJ X 
-----------------------------P'.'IDl 99.5 151850 2.12 
PND2 H.6 128741 2.55 
HRVl 2i.4 111359 J.00 

Total 

End int 
Depth 

99.9 
50.0 
30.0 

~onthly Salt 
Harvestable Salt 

End int 
!1( " 

2.H 
2.51 
2.93 

Deposit 
Deposit 

= 
= 

Salt 
Deposit 

-1.tii56 
li3120 
138435 
163i99 
138-&35 

---------------------------------------------------------------
Year = -I \fonth = May Bet inning 

Average 
Daily 

Day = 1 Days Run This ~onth = Jl 

Pond 

Ave race 
Daily 
Depth 

Average 
Daily 
Flow ~If x 

End inc 
Depth 

-----------------------------PNDl 99 • .i 1-15315 2. 1-1 99.9 
PND2 .ti.i l 186J5 2.55 50.0 
HRVl 27.6 98269 3.01 30.0 

Total Monthly Salt 
Harvestable Salt 

2. 1-& 
2.58 
J.05 

Deposit 
Deposit 

= 
= 

Salt 
Deposit 

-20.tJi& 
201202 
16-1773 
163597 
16-&7 7 3 

---------------------------------------------------------------
Year = -& Month = June Be(inninc 

Ave race 
Daily 

Day = l Days Run This Month = 30 

Pond 

Average 
Daily 
Depth 

Avera~e 

Daily 
Flow Ml X 

Endinl 
Depth 

---------- ·------------------PNDl 9!). 4 186934 2 .16 99.9 
PND2 47 .ll 157776 2.55 50.0 
HRVl 26.9 135187 2.98 30.0 

T~tal Monthly Salt 
Harvestable Salt 

End inc 
Mc X 

2. 16 
2.57 
3.01 

Deposit 
Deposit 

= 
= 

Salt 
Deposit 

-222813 
208606 
177949 
163743 
177949 

---------------------------------------------------------------
Year • 4 Hon th • July BeCinninc Day • 1 Days Run This Month :z 

Average Averafe Avera1e 
Daily Daily Daily End inc End inc Salt 

Pond Depth Flow !'IC X Depth !'IC $ Deposit 
----------------------------- --------------- -------PNDl 99.4 195253 2.17 99.9 2.19 -2"2716 
PND2 46.9 166275 2.57 50.0 2.53 21-1869 
HRVl 26.7 143850 3.00 30.0 2.90 183129 

Total Monthly Salt Deposit • 155282 
iarvestable Salt Deposit • 183129 

31 

.'.:! 



----------------------------------------------------------------
Year = 4 ~onth = August BeginninlJ 

Average Average Average 
Day = l Days Run This ~onth = Jl 

Daily Daily Daily 
Pond Depth Flow ~g X 

EndinlJ 
Depth 

P~Dl 99.4 165308 2. 19 99.9 
P~D2 4i.3 136859 2.5i 50.0 
HRVI 2i.3 1Hi52 2.99 30.0 

Total Monthly Salt 
Harvestable Salt 

Year = 4 Month = September Be!Jinning Day = 
Average Avera!Je Average 
Daily Daily Daily Ending 

Pond Depth Flow Mg x Depth 

2.19 
2.62 
3.0i 

Deposit 
Deposit 

1 Days 

Ending 
~lj x 

----------------------------- ---------------
PNDl 99.5 173602 2.Zl 99.9 2.22 
PSD2 4 i. 2 150730 2.59 50.0 2.55 
HRVl 27.0 13.1213 2.99 30.0 2.90 

Tota) ~onthly Salt Deposit 
Harvestable Salt Deposit 

= 
= 

Run 

= 
= 

Salt 
Deposit 

-239938 
20956i 
lii9il 
14 i600 
lii9il 

This Month 

Salt 
Deposit 
-------
-211019 

165085 
139459 

93524 
139459 

= 

Year = 4 Month = October Beginning 
Average Average Average 

Day = 1 Days Run This Month = Jl 

Daily Daily Daily 
Pond Depth Flow Mg X 

Ending 
Depth 

PNDl 99.7 99912 2.22 100.0 
PSD2 48.4 83930 2.60 50.0 
HRVI 28.3 71864 2.99 30.0 

Total ~onthly Salt 
Harvestable Salt 

Ending 
~g x 

2.23 
2.5i 
2.94 

Deposit 
Deposit 

= 
= 

Salt 
Deposit 

-171599 
121510 
9i905 
47816 
97905 

JO 

Year = 4 Month = November Be(inning Day = 
Average Average Average 

1 Days Run This Month = 30 

Daily Daily Daily Ending 
Pond Depth Flow Mg X Depth 

PNDl 
PND2 
HRVl 

99.8 
49.1 
29.1 

55967 
45078 
37181 

.. 

2.23 100.0 
2.61 50.0 
2.99 30.0 
Total Monthly Salt 

Harvestable Salt 

Ending 
Mg ~ 

2.22 
2.64 
3.04 

Deposit = 
Deposit • 

Salt 
Deposit 

-116382 
82114 
61387 
27119 
61387 



Year = 4 ~onth = December Beginninl Day = 
~vera1e Average Average 

1 Days Run This ~onth = Jl 

Daily Daily Daily Ending 
Pond Depth Flow ~g X Depth 

P'.'lDl 99.9 33935 2. 2J 100.0 
PND2 -4 9. 5 30382 2.62 50.0 
HRVl 29.4 28352 3.01 30.0 

Total Monthly Salt 
Harvestable Salt 

Su11111ary of year 4 
~onths Calculated = January to December 

Deposit in thousands of tons. 

Ending 
~, x 

2. 2-4 
2.59 
2.93 

Deposit 
Deposit 

= 
= 

Salt 
Deposit 

-6-l; 11 
29288 
17665 

-1 i758 
17665 

Jan Feb Mar Apr May Jun Jly . Aug Sep Oct ~ov Dec Tot 
Pond 
PNDl 
PND2 
HRVl 

Total 
Set 

---------------------------------- -------------------------------
-25 

19 
9 

3 
9 

-24 -80 -148 -204 -223 -2'l -240 -211 
42 120 173 203 209 215 210 165 
26 90 138 165 178 183 178 139 

44 130 164 164 164 155 148 94 
26 90 138 165 178 183 178 139 

-172 
t22 

98 

-48 
98 

-116 -65 
82 29 
61 18 

27 -18 
61 18 

-li50 
1588 
1283 

1121 
1283 



APPENDIX B 

Pond Model Run identical to BASECASE (Appendix A} 
but with no recycle of bittern to preconcentration pond. 



This is the set-up for the El ~ex pond systea without bitterns recycle. 
The Lake is the concentration of the open ocean. 
The line of asterisks may be aoved to accoaodate aore co .. ents. 
Sotice that ponds whose naaes begtn with H are assuaed to be harvestable. 
The net deposit of the systea is su .. ed fro• these harvestable ponds. 

Pond Are, 
Naae <Hect. I 

Current Target 
Depth Depth 
(cal (cal K 

Ion Weight Percents 
Salt 

Max. Flow Rec. Dsv. 
Na Mg Cl 504 (Tons/di Fact. 

················································~························· Lake 
PNDl 
PND2 
HRVl 

0 
2500 

500 
400 

0 
100 

50 
30 

0 
100 

50 
30 

0.04 1.05 0.13 
0.41 7.07 1.75 
0.50 7.02 2.16 
0.67 5.73 2.87 

Ending Conditions File 
Start Conditions Froa :NO-RCYL.DAT 
Hodel run covered 5 years. 
Model ran 42 aonths. 
The first aonth run was June. 
The last aonth run was Deceaber. 
The evaporation factor was 1.000. 
The precipitation factor was 1.000 • 

1.90 
15.35 
15.14 
14.57 

0.26 
2.57 
3.17 
-1.20 

1000000 
500000 
-100000 
300000 

0 
0 
0 
0 

o.oo 
0.05 
0.01 
o.oo 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
Lake 0 0 0 0.04 1.05 0.13 1.90 0.26 1000000 o.o 
PNDl 2500 100 100 0.14 9.66 0.51 16.07 0.92 500000 O.O o.oo 

0.05 
0.01 
o.oo 

PND2 500 50 50 0.31 8.72 1.12 16.05 1.99 400000 O.O 
HRVl 400 30 30 0.80 S.72 2.98 15.84 1.14 300000 0.0 

• 
• 



El ~ex ~odel Suaaary File MSO-RCYL~ 
Evaporation factor is 1.000 Precipitation factor is 1.000 

Year = 

Pond 

PSDl 
PND2 
HRVl 

Year = 

Pond 

PNDl 
PND2 
HRVl 

l '.'tonth = June 
A .. ·erage 
Daily 
Depth 

99.2 
-18.3 
28.6 

Avera1e 
Daily 
Flow 

102531 
i2173 
49733 

l '.'tonth = July 
Average 
Daily 
Depth 

99.2 
48 .1 
28.3 

Ave race 
Daily 
Flow 

115867 
86140 
63706 

Beginnin1 
Avera1e 
Daily 

Day = l Days Run This ~onth = 30 

'.'ti " 

l. 69 
2.25 
3. 04 
Total 

Ending 
Depth 

99.9 
50.0 
30.0 

!olonthly Salt 
Harvestable Salt 

Ending 

~( " 
1.62 
2.25 
3.06 

Deposit 
Deposit 

= 
= 

Salt 
Deposit 

-682059 
207040 
169558 

-305-161 
169558 

Becinnin( 
Average 
Daily 

Day = l Days Run This ~onth = 31 

Mg S 

1.54 
2.20 
3.03 

Ending 
Depth 

99.9 
50.0 
30.0 

Total Monthly Salt 
Harvestable Salt 

Ending 
Mg S 

l.H 
2.15 
3.00 

Deposit 
Deposit 

= 
= 

Salt 
Deposit 

-658686 
209769 
184189 

-264728 
184189 

Year = 1 Month = August Beginning 
Average Average Average 

Day = 1 Days Run This Month = 31 

Daily Daily Daily 
Pond Depth Flow Ml S 

Ending 
Depth 

PNDl 99.2 103120 1. 41 99.9 
PND2 48.3 73687 2.10 50.0 
HRVl 28.5 51774 3.00 30.0 

Total Monthly Salt 
Harvestable Salt 

Ending 
Ml S 

l. 36 
2.06 
3.00 

Deposit 
Deposit 

= 
= 

Salt 
Deposit 

-612504 
213406 
179780 

-219319 
179780 

Year = l Month = September Beginnin!I Day = 1 Days Run This Month 
Average Average Avera1e 
Daily Daily Daily Ending Endinl Salt 

Pond Depth Flow HIS Depth HI " Deposit 

----------------------------- --------------- -------
PNDl 99.3 80494 1.32 99.9 1.28 -494001 
PND2 48.7 55382 2.03 50.0 2.00 182023 
HRVl 28.9 37588 3.00 30.0 3.00 141611 

Total Monthly Salt Deposit = -170367 
Harvestable Salt Deposit = 141611 

Year = 1 Month • October Be1innin1 Day = l Days Run This Month • 
Avera1e Avera1e Avera1e 
Daily Daily Daily Endinl Endinl Salt 

Pond Depth Flow HI S Depth HI S Deposit 

----------------------------- --------------- -------
PNDl 99.8 53715 1. 25 100.0 l. 23 -377782 
PND2 49.1 36014 1.98 50.0 1.96 136973 
HRVl 29.3 23952 2.99 30.0 2.99 99425 

Total Monthly Salt Depoait • -141384 
Harvestable Salt Depoait • 99425 

• 

= 

31 

30 



I 
I 

'rear = l ~on th = :-40•.-e•ber Beginninic Day = l Days Run This ~on th = JI) 
Ave:-ace Average Ave race 
Daily Daily Daily EndinC Ending Salt 

Pond Depth Flow l4c " Depth !oil " Deposit 
----------------------------- --------------- -------
PNDl 99.7 J.1739 1.21 iov.o 1.20 -242854 
PSD2 49.4 22187 1.96 50.0 l.95 96567 
HRVl 29.6 14399 2.99 30.0 3.00 62094 

Total Monthly Salt Deposit = -8·4193 
Harvestable Salt Deposit = 62094 

---------------------------------------------------------------
Year = 1 Month = Dece•ber Bee inning Day = l Days Run This lieonth = 31 

Average Ave race :\'lrerage 
Daily Daily Daily End inc Ending Salt 

Pond Depth Flow litg " Depth !oil " Deposit 
----------------------------- --------------- -------
PSDl 99.9 13611 l. 19 100.0 1.19 -138590 
PSD2 -19. 8 8161 l. 95 50.0 1.96 44001 
HRVI 29.8 5950 2.97 30.0 2.97 18621 

Total Monthly Salt Deposit = -75968 
Harvestable Salt Deposit = 18621 

---------------------------------------------------------------
su-ary of year l 
Months Calculated = June to Dece•ber 

Deposit ;n thousands of tons. 
Jan Feb Mar Apr May Jun Jly Aue Sep Oct Nov Dec Tot 

Pond -------------------------------------------------------------------PNDl 0 0 0 0 0 -682 -659 -613 -494 -378 -243 -139 -3206 
PND2 0 0 0 0 0 207 210 213 182 137 97 44 1090 
HRVl 0 0 0 0 0 170 184 180 142 9~ 62 19 855 
------------------------------------------------------------------------
Total 0 0 0 0 0 -305 -265 -219 -170 -141 -84 -76 -1261 
Net 0 0 0 0 0 170 184 180 142 99 62 19 855 

Year = 2 Month = January Beginning Day = 1 Days Run This Month = Jl 
Average Average Avera1e 
Daily Daily Daily End inc Endin1 Salt 

Pond Depth Flow Ml X Depth Ml S Deposit 
----------------------------- --------------- -------
PNDl 99.9 6831 1.18 100.0 1.18 -53243 
PND2 49.9 3043 1.96 50.0 l. 97 30664 
HRVI 29.9 2090 2.96 30.0 2.96 7911 

Total Monthly Salt Deposit = -14667 
Harvestable Salt Deposit = 7911 

Year = 2 Month = February Be1innin1 Day = 1 Da)'s Run This Month = 28 
Avera1e Avera1e Avera1e 
Dail)' Dail)' Dail)' Endinl Endin1 Salt 

Pond Depth Flow Ml S Depth Ml S Deposit 
----------------------------- --------------- -------
PNDl 99.8 14344 1.18 100.0 1.17 -39322 
PND2 49.8 6741 1.99 50.0 2.00 55870 
HRVl 29.9 3216 3.00 30.0 3.03 25558 

Total Honthl)' Salt Deposit a 42106 
Harvestable Salt Oepoeit a 25558 

• 
• 



I 
I 
I 

Year = 2 ~onth = ~arch Becinninc 
Average Averace Averace 

Day = l Days Run This ~onth = 31 

Daily Daily Daily 
Pond Depth Flow ~I X 
-----------------------------PNDl 
PSD2 
HRVl 

99.6 
-19.2 
29 • ..i 

45196 
28572 
l i744 

l.15 
l.99 
3.08 

Ending 
Depth 

Ending 
~. x 

---------------100.0 
50.0 
30.0 

1.14 
l.96 
3.07 

Total ~onthly Salt Deposit = 
Harvestable Salt Deposit = 

Salt 
Deposit 

-153277 
135"16 
88784 
i0923 
88784 

---------------------------------------------------------------
Year = 2 ~onth = April Beginning 

Average Average Average 
Day = l Days Run This ~onth = 30 

Daily Daily Daily 
Pond Depth Flow ~g X 

End in!( 
Depth 

Ending 
Mg X 

----------------------------- ---------------PNDl 99.3 73309 l.11 99.9 l.08 
PND2 -18.8 47688 l. 91 50.0 l.87 
HRVl 29.0 30336 3.07 30.0 3.04 

Total ~onthly Salt Deposit 
Harvestable Salt Depasit 

= 
= 

Salt 
Deposit 

-305947 
196336 
138693 

29081 
138693 

---------------------------------------------------------------
Year = 2 ~on th = May Be!( inning Day = l Days Run This !ton th = Average Average Average 

Daily Daily Daily Ending Ending Salt 
Pond Depth Flow Mg X Depth Mg X Depasit 
----------------------------- --------------- -------P!'Dl 99.3 81702 1.05 99.9 1.02 -"16003 
PND2 48.6 52685 1.81 50.9 l. 77 225169 
HRVl 28.9 32435 3.01 30.0 3.00 167365 

Total Monthly Salt Depasit = -23470 
Harvestable Salt Depasit = 167365 

---------------------------------------------------------------
Year = 2 Month = June Beginnin1 Day = 1 Days Run This Month = Average Average Average 

Daily Daily Daily Endin1 Endin1 Salt 
Pond Depth Flow Mg X Depth Mg X Deposit 
----------------------------- --------------- -------PNDl 99.2 86503 0.99 99.9 0.96 -431040 
PND2 48.5 53939 1. 73 50.0 1. 70 243305 
HRVl 28.9 31258 3.00 30.0 3.00 181097 

Total Monthly Salt Depaait = -6638 
Harvestable Salt Deposit a 181097 

---------------------------------------------------------------
Year a 2 Hon th a July Be1innin1 Day a 1 Daya Run Thia Month a 

Avera1e Avera1e Avera1e 
Daily Daily Daily Endinl Endin1 Salt 

Pond Depth Flow Ml X Depth Ml X Deposit 
----------------------------- --------------- -------PNDl 99.2 84034 0.94 99.9 0.91 -450019 
PND2 48.6 51134 1.67 50.0 1.64 254025 
HRVl 29.0 28440 3.00 30.0 3.00 187307 

Total Monthly Salt Depoait a -8687 
Harveatable Salt Deposit a 187307 

---------------------------------------------------------------
• 

• 

31 

30 

31 



rear = 2 '.Ito nth = August Beginninc Day = l Days Run This '.lfonth = :!l Al."erace Average ...\1reral{e 
Daily Daily Daily Ending Ending Salt Pond Depth Flow '.lflJ x Depth '.lflJ x Deposit ----------------------------- --------------- -------PSDl 99.2 i955l 0.89 ~9.9 0.8i -u21u PSD2 -18. 6 4i-101 l. 61 50.0 1. 58 2-19342 HRVl 29.0 25-133 3.00 30.0 3.00 181431 Total '.lfonthly Salt Deposit = -1370 

Harvestable Salt Deposit = 181431 ---------------------------------------------------------------
Year = 2 '.Ito nth = Septe•ber Beginning Day = 1 Days Run This '.lfonth = Avera~e Average ...\'l•erage 

Dail» Daily Daily Ending EndinlJ Salt Pond Depth Flow ~, x Depth ~I x Deposit ----------------------------- --------------- -------PSDl 99.4 64ii8 0.85 100.0 0.83 -368156 PND2 .i8.9 37328 1. 57 50.0 1.55 208027 HRVl 29.2 1950t 3.00 30.0 3.00 142565 Total ~onthly Salt Deposit = -li564 
Harvestable Salt Deposit = 142565 ---------------------------------------------------------------

Year = 2 ~onth = October Beginning 
...\v~race ~verage Average Day = 1 Daxs Run This ~onth = 31 

Daily Daily Daily 
Pond Depth Flow ~g X 

Ending 
Depth 

Ending 
MC S -----------------------------PNDl :i:.. 6 ---------------H-479 0.82 100.0 0.81 PND2 -19.2 25169 1.54 5o:o 1. 53 HRVl 29.5 13087 2.99 30.0 2.99 

Total Monthly Salt Deposit 
Harvestable Salt = 

= 

Salt 
Deposit 

-293426 
153549 
1000!.4 
-39863 

Deposit 
---------------------------------------------------------------100014 

Year = 2 '.'to nth = ~ove•ber Becinning Day = 1 Days Run This Mnnth Average Average Average 
Daily Daily Daily Ending Ending Salt Pond Depth Flow ~g " Depth Mg X Deposit ----------------------------- --------------- -------PNDl 99.7 29581 0.80 100.0 0.80 -193163 PND2 -19. 5 15662 1.53 so.o 1.53 108587 HRVl 29.7 7858 2.99 30.0 3.00 62408 

Total Monthly Salt Depoait = -22168 
Harvestable Salt Depoait = 62408 

---------------------------------------------------------------
Year :: 2 Month = Dece•ber Beginning Day :: 1 Daya Run This Month Ave race Average Average 

Daily Daily Daily Ending Ending Salt Pond Depth Flow 
~- " Depth Mg X Depoait ----------------------------- --------------- -------PNDl 99.8 12113 0.80 100.0 0.79 -111880 PND2 49.8 5514 1. 53 50.0 1. 54 53515 HRVl 29.9 3304 2.98 30.0 2.97 18587 

Total Monthly Salt Depoait • -39777 
Harveatable Salt Depoait • 18587 

.. 

= 30 

:: 31 

30 



---------------------------------------------------------------
Su••ary of year 2 
~onths Calculated = January to Deceaber 

Deposit in thousands of tons. 

Pond 
P~Dl 

PSD2 
HRVl 

Jan Feb ~ar Apr ~ay Jun Jly Au( Sep Oct Sov Dec Tot 

--------------------------------------------------------------------53 
31 

8 

-J9 -153 -J06 -416 -431 -450 -432 -368 -293 -193 -112 
56 135 196 225 243 254 249 208 154 109 54 
26 89 139 16i 181 18i 181 HJ 100 62 19 

-J2U 
19H 
1302 

------------------------------------------------------------------------Total -15 
S~t 8 

42 
26 

11 29 -23 -i -9 -1 -18 -~o -22 -40 
89 139 16i 181 187 181 143 100 62 19 

Year = l ~on th = January Bee inning Day = l Days Run This ~on th 
Ave race :\verace Ave race 
Daily Daily Daily Ending Ending Salt 

Pond Depth Flow !'IC x Depth ~, x Deposit 
----------------------------- --------------- -------
PSDl 99.9 6964 0.79 100.0 0.79 -46123 
PSD2 49.9 2099 1.55 50.0 1.56 39437 
HRVl 30.0 1161 2.9i 30.0 2.97 i812 

Total !'lonthly Salt Deposit = 1127 
Harvestable Salt Deposit = 7812 

---------------------------------------------------------------
Year = 3 !'Ion th = February Beginning Day = 1 Da)ls Run This !'lontb 

:\verage Average Average 
Daily Daily Daily Ending End inc Salt 

Pond Depth Flow !!'IC X Depth !'lg x Deposit 
----------------------------- --------------- -------PSDl 99.8 14228 0.79 100.0 0.79 -37437 
PND2 49.8 5299 1. 58 50.0 1.59 65813 
HRVl 29.9 1786 3.00 30.0 3.02 25683 

Total Monthly Salt Deposit = 54059 
Harvestable Salt Deposit = 25683 

---------------------------------------------------------------

= 

= 

Year = 3 ~onth = March Beginning 
Average Averace Average 

Day = 1 Days Run This ~onth = 31 

Daily Daily Daily 
P~nd Depth Flow Hg X 
-----------------------------PNDl 99.6 38753 0.78 
PND2 49.3 20727 1.58 
HRVl 29.6 9855 3.07 

Ending 
Depth 

100.0 
50.0 
30.0 

Total Monthly Salt 
Harvestable Salt 

Ending 
Hg X 

0.11 
1.56 
3.07 

Deposit 
Deposit 

= 
= 

Salt 
Deposit 

-127451 
147647 
89404 

109600 
89404 

---------------------------------------------------------------
Year = 3 Month • April Becinninc 

Averac• Avera1e Avera1e 
Day = 1 Days Run This Month = 30 

Daily Daily Daily 
Pond Depth Flow HI S 

Endinl 
Depth 

-----------------------------PNDl 
PND2 
HRVl 

99.3 
48.9 
29.3 

63068 
35667 
18292 

• 

0.75 100.0 
1.53 50.0 
3.07 30.0 
Total Monthly Salt 

Harvestable Salt 

End inc 
!41 s 

0.75 
1.50 
3.04 

Deposit • 
Deposit • 

Salt. 
Deposit 

-248265 
213329 
139345 
104410 
139345 

-J2 
1302 

Jl 

28 

.. 



-------------------------------------------------------
Year = 3 ~on th = :-<ay Secinninc Day = 1 Days Rur. fhis ~fonth = 3 i. 

A"·erace A"·erate ""·erate 
Daily Daily lJaily End int End inc Salt 

Pond Depth Flow ~I s Depth ~g x Deposit 
----------------------------- --------------- -------
P~Dl 99.3 iHJO O.iJ 100.0 o.;2 -346120 
PND2 -18.8 -&Oi85 1.-&6 50.0 1.-&3 H2i59 
HRVl 29.2 2Ci5-& 1 3.02 30.0 J.oo 16i946 

Total ~onthly Salt Deposit - 6-4586 
Har"·estable Salt Deposit = 167946 

---------------------------------------------------------------
Year = 3 ~onth = June Becinnint 

A""erace 
Daily 

Day = l Days Run This ~onth = 30 

Pond 

PNDl 
PND2 
HRVl 

Avera!Je 
Daily 
Depth 

99.2 
-18. 7 
29.1 

.:\\."'erace 
Daily 
Flow 

i6888 
-12685 
l 99i-& 

~, s 

0.70 
1.-10 
3.00 
Total 

End inc 
Depth 

100.0 
50.0 
30.0 

Monthly Salt 
Harvestable Salt 

Ending 
~I S 

0.69 
1. 38 
3.00 

Deposit 
Deposit 

= 
= 

Salt 
Deposit 

-3692-10 
260281 
181848 

i2889 
1818..\8 

---------------------------------------------------------------
Year = 3 ~onth = July Bee inning 

Avera1e 
Daily 

Day = 1 Days Run This ~onth = 31 

Pond 

PNDl 
PND2 
HRVl 

Ave race 
Daily 
Depth 

99.2 
-48. 7 
29.1 

.:\vera1e 
Daily 
Flow 

i5866 
H-129 
18712 

Ml S 

0.68 
1.35 
3.00 

End inc 
Depth 

100.0 
50 .'O 
30.0 

Total ~onthly Salt 
Harvestable Salt 

Endinl 
Ml X 

0.67 
1. 33 
3.00 

Deposit 
Deposit 

= 
= 

Salt 
Deposit 

-392905 
270169 
187995 

65259 
187995 

---------------------------------------------------------------
Year = 3 ~on th = Aucust Beginning Day = 1 Days Run This Month 

Average Ave race Avera1e 
Daily Daily Daily Ending End inc Salt 

Pond Depth Flow Ml ~ Depth Ml X Deposit 
----------------------------- --------------- -------
PNDl 99.2 72632 0.65 100.0 0.64 -383454 
PND2 48.7 39088 1.31 50.0 1.30 263560 
HRVl 29.2 17102 3.00 30.0 3.00 181993 

Total Monthly Salt Depo•it = 62100 
Harvestable Salt Depo•it : 181993 

---------------------------------------------------------------

= 31 

Year a 3 Month a Septeaber Becinninl Day a 

Avera1e Avera1e Avera1e 
l Days Run This Month s 30 

Daily Daily Daily Endinl 
Pond Depth Flow Mc X Depth 

PNDl 
PND2 
HRVl 

99.4 
49.0 
29.3 

59945 
31213 
13376 

• 
• 

0.63 100.0 
1.28 50.0 
3.00 30.0 
Total Monthly Salt 

Harveatable Salt 

Endin1 
Ml S 

0.63 
1.28 
3.00 

Depo•it a 
Depo•it a 

Salt 
Deposit 

-331725 
219805 
142938 

31018 
142938 



---------------------------------------------------------------
Year = 3 '.'ton th = October Be!1nninc Day = l Days Run This ~on th = 31 

A·•erace Averaiie Ave race 
Daily Daily Daily End1nc End inc Salt 

Pond Depth Flow ~~ s Depth ~IJ s Deposit 
----------------------------- --------------- -------
PND~ 99.6 H-429 0.62 100.0 0.62 -26i21i8 
PSD2 -19. 3 21190 l.2i 50.0 1.26 161888 
HRVl 29.6 9105 2.99 JO.O 2.99 100192 

Total '.'tonthly Salt Deposit = -5187 
Harvestable Salt Deposit = 100192 

---------------------------------------------------------------
Year = 3 ~on th = :-<oveaber Bee inning Day = l Days Run This '.'ton th = 30 

Average Average Ave race 
Daily Daily Daily End inc End inc Salt 

Fond Depth Flow ~I s Depth ~, s Deposit 
----------------------------- --------------- -------
PSDl 99.7 28051 0.61 100.0 0.61 -li8946 
PND2 49. 5 13316 1.27 50.0 1. 2i 115231 
HRVl 29.i 5503 2.99 30.0 3.00 6257i 

Total ~onthly Salt Deposit = -1138 
Harvestable Salt Deposit = 62577 

---------------------------------------------------------------
Year = 3 ~on th = Deceaber Beginning Day = 1 Days Run This ~on th = 31 

Average Average Average 
Daily Daily Daily Ending Ending Salt 

Pond Depth Flow Ml " Depth HC " Deposit 
----------------------------- --------------- -------
PNiH 99.8 11704 ?.61 100.0 0.61 -103816 
PND2 49.8 U98 1.27 50.0 1. 28 59234 
HRVl 29.9 2191 2.98 30.0 2.98 18.U3 

Total ~onthly Salt Deposit = -26098 
Harvestable Salt Deposit = 18483 

Suaaary o! year 3 
Months Calculated = January to Deceaber 

Deposit in thousands o! tons. 
Jan Feb l'far Apr ~ay Jun Jly Aug Sep Oct Nov De(" Tot 

Pond -------------------------------------------------------------------PNDl -46 -37 -127 -248 -346 -369 -393 -383 -332 -267 -179 -104 -2833 
PND2 39 66 148 213 243 260 270 264 220 162 115 59 2059 
HRVl 8 26 89 139 168 182 188 182 143 100 63 18 1306 

--------------------------------------------------~---------------------Total 1 54 110 104 65 73 65 62 31 -5 -1 -26 533 
:'4et 8 26 89 139 168 182 188 182 143 100 63 18 1306 

Year • 4 Hont.h • January Beginnint Day • 1 Days Run This Month = 31 
Aver as• Averase Average 
Daily Daily Daily End int End int Salt 

Pond Depth Flow ~g S Depth Ht S Deposit 

----------------------------- --------------- -------
PNDl 99.9 7272 0.61 100.0 0.61 -45459 
PND2 49.9 1739 1. 29 50.0 1. 30 44862 
HRVl 30.0 816 2.98 30.0 2.98 7686 

Total Monthly Salt Deposit • 7088 
Harve•table Sal~ Depo•it • 7686 

• 



Year = " !1onth = February Beginning Day = l Days Run This !1onth = 
Average ,,\\·erage A"·erage 
Daily Daily Daily Ending Ending Salt 

Pond Depth Flow !1g " Depth !1~ " Deposit 
----------------------------- --------------- -------
PNDl 99.8 H602 0.61 100.0 0.61 -39083 
PND2 a.; -18-19 l. 32 50.0 l. 32 il9-16 
HRVl 29.9 1354 3.00 30.0 3.02 25712 

Total !1onthly Salt Deposit = 585i5 
Harvestable Salt Deposit = 25il2 

Year = .i !1onth = !1arch Beginning 
Average Average Average 

Day = l Days Run This !1onth = 31 

Daily Daily Daily 
Pond Depth Flow Mg X 

End inc 
Depth 

PNDl 99.6 36898 0.60 100.0 
P!'tlD2 -19.-1 18015 l. 32 50.0 
HRVl 29.6 ill3 3.05 30.0 

Total Monthly Salt 
Harvestable Salt 

Ending 

!11 " 

0.60 
1. 31 
3.06 

Deposit 
Deposit 

= 
= 

Salt 
Deposit 

-122"26 
15-1708 

89906 
122188 
89906 

Year = 4 Month = April Be1inning 
Average Avera1e Avera1e 

Day = 1 Days Run This Month = 30 

Daily Daily Daily Ending 
Depth 

Ending 

!1g " 

Salt 
Deposit Pond Depth Flow Hg X 

P!'<IDl 99.3 58800 
PND2 49.0 30283 
HRVl 29.4 12863 

Year = 4 Month = Hay 
Average Average 
Daily Daily 

Pond Depth Flow 

PNDl 99.3 66562 
PND2 48.8 34905 
HRVl 29.3 14700 

Year • 4 Month • June 
Aver•I• Average 
Daily Daily 

Pond Depth Flow 

PNDl 
PND2 
HRVl 

99.2 
48.7 
29.2 

73618 
38479 
15829 

• 

0.59 100.0 
1. 29 50:0 
3.06 30.0 
Total Monthly Salt 

Harvestable Salt 

0.58 
1. 27 
3.05 

Deposit 
Depoait 

= 
= 

-228148 
222728 
139724 
134304 
139724 

Beginning 
Average 
Daily 

Day = 1 Days Run This Month = 31 

Hg X 

0.58 
1.24 
3.04 

Ending 
Depth 

100.0 
50.0 
30.0 

Total Monthly Salt 
Harveatable Salt 

Ending 
HI X 

0.57 
1.22 
3.03 

Deposit = 
Deposit = 

Salt 
Deposit 

-316305 
252304 
167635 
103634 
167635 

Belinninl 
Avera1e 
Daily 

Day a 1 Day• Run Thia Month a 30 

HI X 
Endinl 
Depth 

o.56 100.0 
1.20 50.0 
3.01 30.0 
Total Monthly Salt 

Harvestable Salt 

... 

End inc 
HI X 

0.55 
1.18 
3.00 

Deposit a 
Deposit • 

Salt 
Deposit 

-346732 
268915 
181908 
104089 
181906 

28 



Year = 

Pond 

PSDl 
P'.'<:D2 
HR\.-1 

-I \fonth = July 
Average 
Daily 
Depth 

99.2 
-18.; 
29.2 

Average 
Daily 
Flow 

iH28 
3i0i-l 
HHi 

Be!f1nnin!f 
Average 
Daily 

Day = 1 Days Run This ~onth = 3~ 

~!I " 

0. 55 
l. 16 
3.00 

End int 
Depth 

100.0 
50.0 
30.0 

Ending 

~- " 
0.54 
1.14 
3.00 

Total ~onthly Salt Deposit = 
Harvestable Salt Deposit = 

Salt 
Deposit 

-372010 
2i8686 
188299 
94975 

188299 

Year = 4 ~onth = August Beginning 
Average Average Average 

Day = 1 Day~ Run This ~onth = 31 

Daily Daily Daily 
Pond Depth Flow ~I X 

EnJing 
Depth 

t'SDl 99.2 69679 0.53 100.0 
P~D2 48.8 35301 1.13 50.0 
HRVl 29.3 13303 3.00 30.0 

Total ~onthly Salt 
Harvestable Salt 

Year = 4 Month = September Beginning Day = 
Average Average Average 
Daily Daily Daily Ending 

Pond Depth Flow !11 " Depth 

Ending 
Mg X 

0.53 
1.12 
3.00 

Deposit 
Deposit 

1 Days 

Ending 
Mg " ----------------------------- ---------------

PNDl 99.4 57853 0.52 l~O.O 0.52 
PND2 -19. 0 28343 1.11 so:o 1.11 
HRVl 29.4 10496 3.00 30.0 3.00 

Total Monthly Salt Deposit 
Harvestable Salt Deposit 

= 
= 

Run 

= 
= 

Salt 
Deposit 

-36-18-16 
271195 
18227i 

88627 
182277 

This Month 

Salt 
Deposit 
-------
-317555 

226379 
1-13131 

51955 
143131 

= 30 

Year = 4 ~onth = October Beginning 
Average Average Average 

Day = 1 Days Run This Month = 31 

Daily Daily Daily 
Pond Depth Flow HI X 

Ending 
Depth 

PNDl 99.5 39932 0.52 100.0 
PND2 49.3 19121 1.10 50.0 
HRVl 29.6 7036 3.00 30.0 

Total ~onthly Salt 
Harvestable Salt 

Year = 4 Month = Nove•ber Beginning Day = 
Avera1e Average Average 
Daily Daily Daily Endinl 

Pond Depth Flow HI X Depth 

1 

Ending 
Mg X 

0.51 
1.10 
3.00 

Deposit 
Deposit 

= 
= 

Daya Run 

Endinl 
Hg X 

----------------------------- ---------------
PNDl 99.7 27548 0.51 100.0 0.51 
PND2 49,5 12322 1.10 50.0 1.11 
HRVl 29.7 4525 3.00 30.0 3.00 

Total Monthly Salt Deposit s 

Harveatable Salt l)epoai.t s 

Salt 
Deposit 

-256217 
166725 
100178 

10687 
100178 

Thia Month 

Salt 
Deposit -------
-173318 

119152 
62554 

8388 
62554 

----------------------------------------------~----··----------­. 
• 

• 

= 30 
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Year = -l ~on th = December Bell inning Day = Days Run This ~on th 
Avera11e Averal{e Avera(e 
Daily Daily Daily End in( Ending Salt 

Pond Depth Flow ~If " Depth ~, " Deposit 
----------------------------- --------------- -------
P:SDl 99.8 11882 0.51 100.0 0.51 -103358 
PND2 ..\9. 8 -l 1..\7 1.11 50.0 1. 12 62692 
HRVl 29.9 1936 2.98 JO.O 2.98 l85i6 

Total ~onthly Salt Deposit = -22090 
Harvestable Salt L'epos1t = l85i6 

----------------------------------------------------------------
Summary of year -l 
~onths Calculated = January to December 

Deposit in thousands of tons. 

Pond 
PNDl 
PND2 
HRVl 

Total 
Set 

Jan Feb ~ar .;pr May Jun J ly Aulf Sep Oct '.liov Dec 

-45 -39 -122 -228 -316 -347 -372 -365 -318 -256 -li3 -103 
-l5 72 155 223 252 269 279 271 226 167 119 63 

8 26 90 140 168 182 188 182 1..\3 100 63 19 

; 
8 

r 

·-

59 122 134 104 104 95 89 52 11 
26 90 1-lO 168 182 188 182 143 100 

-· - - . .....) 

.. 

.. 

8 -22 
63 19 

= :! l 

Tot 

-2685 
21-lO 
1308 

i62 
1308 
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APPENDIX C 

The El Mex pond run with two salt crystalli?.ers in series 
and no bitterns recycle 



This 1s the set-up for the El '.liex pond system with two salt ponds in 

series and no bitterns recycle ~o pre-concentration ponds. 
The Lake is the concentration of the open ocean. 
The line of asterisks may be mo"·ed to accomodate more comments. 
Sotice that ponds whose names bel{in with H are assumed to be harvestable. 
The net deposit of the s:rstem is summed from these harvestable ponds. 

Pond Area 
Xame (Hect. l 

Current Tarl{et 
Depth Depth Ion Weight Percents 

(cml lcml K Sa '.lig Cl 504 

Lake 0 0 0 0.04 1.05 0.13 
PSDl 2500 100 100 o . .u 7.07 1.75 
PSD2 500 50 50 0.50 7.02 2.16 
HRVl 200 30 30 0.67 
HRV2 200 JO 30 0.67 

Ending Conditions File 
Start Conditions From :elmex2.dat 
~odel run covered 5 years. 
!\olodel ran -42 months. 
The first month run was June. 

5.i3 
5.73 

The last month run was December. 
The evaporation factor was 1.000. 
The precipitation factor was 1.000. 

2.87 
2.87 

1.90 0.26 
15.35 2.5i 
15.1-4 3.17 
1-4.57 -l.20 
l-l.57 -l.20 

Salt 
'.liax. Flow Rec. Dsv. 
I Ton~/d I Fact. 

1000000 0 o.oo 
500000 0 0.05 
-100000 I) 0.01 
300000 0 o.oo 
300000 0 o.oo 

***************************************************************** 
Lake 0 0 0 0.04 1.05 0.13 1.90 0.26 1000000 0.0 0.00 
PSDl 2500 100 100 0.14 9.69 0.49 16.07 0.89 500000 0.0 0.05 
PSD2 500 50 50 0.29 8.84 1.05 16.06 1.87 400000 0.0 0.01 
HRVl 200 30 30 0.48 7.70 1.74 15.93 3.G9 300000 0.0 0.00 
HRV2 200 30 30 0.84 5.57 3.08 15. 79 5.39 300000 0.0 0.00 



El Mex Model Summary File "two-ponds" 
Evaporation !actor is 1.000 Precipitation factor is 1.000 

Year = 1 Month = June Beginning Day = 1 Days Run This !'otonth = 30 
Average Av~rage Average 
Daily Daily Daily Ending Ending Salt 

Pond Depth Flow Mg X Depth Mg X Depoa~t 

------------------------ -------- -------
PNDl 99.2 126186 1.67 99.8 1.58 -765047 
PND2 47.9 96352 2.19 50.0 2.15 196552 
HRVl 26.1 84855 2.61 30.0 2.44 89717 
HRV2 26.6 73671 2.98 30.0 2.86 85343 

Total Monthly Salt Deposit = -393435 
Harvestable Salt Deposit = 175060 

-----------------------------------------------
Year = 1 Month = July Beginning Day = 1 Daya Run This Month = 31 

Average Average Average 
Daily Daily Daily Ending Ending Salt 

Pond Depth Flow Mg S Depth Mg S Depoeit 

PNDl 
PND2 
HRVl 
HRV2 

99.2 
48.2 
26.8 
27.3 

108935 
78782 
66638 
55208 

-----
1.52 99.9 1.45 
2.15 50.0 2.10 
2.51 30.0 2.47 
2.97 30.0 2.94 
Total Monthly Salt Depoeit = 

Harveatable Salt Deposit = 

-674753 
211874 
98548 
93195 

-271136 
191743 

Year = 1 Month = August Beginning Day = l Days Run Thia Month = 31 
Average Average Average 
Daily Daily Daily Endinc Endinc 

Pond Depth Flow Mg S Depth Ml S 

PNDl 99.2 107426 1.39 99.9 1.33 
PND2 48.2 77924 2.06 50.0 1.99 
HRVl 26.9 66179 2.45 30.0 2.34 
HRV2 27.3 55214 2.96 30.0 2.85 

Total Monthly Salt Deposit :s 
Harvestable Salt Deposit :s -------

Salt 
Depoeit 

-612509 
215117 

96721 
90301 

-210370 
187022 

Year = 1 Month = September Be1innin1 Day = 1 Days Run Thia Month :s 30 
Avera1e Average Average 
Daily Daily Daily Endinl Endinl 

Pond Depth Flow Ml S Depth Ml S ---------------- -------------PNDl 99.3 82149 1.30 100.0 1.25 
PND2 48.6 56858 1.98 50.0 1.92 
HRVl 27.7 47020 2.40 30.0 2.30 
HRV2 28.1 38051 2.94 30.0 2.83 

Total Monthly Salt Depo9it • 
Harvestable Salt Deposit • 

• ... 

Salt 
Deposit 

----
-504677 

184228 
78506 
71285 

-170657 
149792 



-------~~~--!""-~--"!"!-""!!' __ !!!!!_~!!!!!-~----------------------------
Year = 1 !otonth = October Beginning Day = 1 Days Run This ~onth = 31 

Average Average Average 
Daily Daily Daily Ending Ending Salt 

Pond Depth Flow !l{g X Depth !otg X Deposit 
--------- ----

PNDl 99.6 50313 1.23 !00.0 1.21 -369234 
P~D2 -19.2 32334 1.95 50.0 1.91 1~0363 
HRVl 28.1 25518 2.39 30.0 2.32 56222 
HRV2 29.0 19428 2.98 30.0 2.92 -49497 

Total Monthly Salt Deposit = -123152 
Harvest.able Salt Deposit = 105719 

--------- ----------------
Year = l !otonth = November Beginning Day = 1 Days Run This Month = 30 

Average Average Average 
Daily Daily Daily Ending Ending Salt 

Pond Depth Flow !>lg X Depth !lofg X Deposit 
-------- ---

PNt1 99.7 31521 1.19 100.0 1.18 -249432 
PND2 49.5 18733 1.92 50.0 1.92 98365 
HRVl 29.2 14042 2.37 30.0 2.40 37118 
HRV2 29.4 10086 2.99 30.0 3.03 . 30880 

Total Monthly Salt Deposit = -83068 
Harvest.able Salt Deposit = 67999 

Year = l Month = December Beginning Day = 1 Days Run Thia Month = 31 
Average Average Average 
Daily Daily Daily Ending Ending Salt 

Pond Depth Flow Mg X Depth Mg X Deposit 
------------------ ----------- ----
PNDl 99.9 9565 1.18 100.0 1.11 -110570 
PND2 49.8 3961 1.94 50.0 1.95 44924 
HRVl 29.8 2229 2.45 30.0 2.48 13833 
HRV2 29.9 1172 3.07 30.0 3.10 8314 

Total Monthly Salt Deposit = -43499 
Harvest.able Salt Deposit = 22147 

--------------------------------------
Summary of year 1 
Months Calculated = June to December 
Deposit in thousands of tons. 

Jan Feb Har Apr Hay Jun Jly Aua Sep Oct Nov Dec Tot 

Pond -------------------------------------------
PND 1 0 0 0 0 0 -765 -675 -613 -505 -369 -249 -111 -3286 
PND2 0 0 0 0 0 197 212 215 184 140 98 45 1091 
HRVl 0 0 0 0 0 90 99 97 79 56 37 14 471 
HRV2 0 0 0 0 0 85 93 90 71 49 31 8 429 

Total 0 O 0 0 0 -393 -271 -210 -171 -123 -83 -43 -1295 
Net 0 0 0 0 0 175 192 187 150 106 68 22 899 

• 
• 
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Y~ar = ! 'fonth = .:anuar~· BeginmnlJ i)ay = 
A'-·erage A'-·erace A"·erace 

l Days Run !his 'fonth = Jl 

Dady Daily Daily Ending Ending Salt 
Pond Depth Flow Mg X Depth M!I X Deposit 

PSDl 99.9 
PSD2 -19.9 
HRVl 29.8 
HRV2 29.8 

8882 
5136 
-'173 
3832 

1.17 100.0 1.17 
1.96 50.0 1.96 
2.-&8 30.0 2.H 
3.07 30.0 3.04 
Total Monthly Salt Deposit = 

Harvestable Salt Deposit = 

-53260 
30764 
8039 
3071 

-11386 
11110 

Year = 2 Month = February Beginning Day = 1 Days Run This '.lfonth = 28 
Average Avera!(e Average 
Daily Daily Daily Endin!I Ending Salt 

Pond Depth Flow Mc X Depth Mg X Deposit 
------------- --- -----

PSDl 99.8 18540 1.16 100.0 1.15 -ci0070 
P!iD2 -&::s. 7 10957 1.96 50.0 1.96 56265 
HRVl 29.6 8565 2.48 30.0 2.-18 17846 
HRV2 29.7 6899 3.05 30.0 3.05 12310 

Total Monthly Salt Deposit = 26351 
Harvestable Salt Deposit = 30156 

Year = 2 Month = March Beginning 
Average Average Average 

Day = 1 Days Run This Month = 31 

Daiiy Daily Daily Ending 
Depth 

Ending 
Mg X Pond Depth Flow Mg X 

------------
PNDl 99.6 -19379 1.13 100.0 1.11 
PND2 49.2 32599 1.91 50.0 1.89 
HRVl 28.7 26375 2.39 30.0 2.40 
HRV2 28.9 20884 3.00 30.0 3.06 

Total Monthly Salt Deposit = 
Harveatable Salt Deposit = 

Year = 2 :-tonth = April Beginning Day = 1 Daya Run 
Average Average Average 
Daily Daily Daily Ending Ending 

Pond Depth Flow Mg X Depth Mg X 

------------------ ----------
PNDl 99.3 74744 1.08 100.0 1.06 
PND2 48.i 48761 1.83 50.0 1.81 
HRVl 28.0 38871 2.31 30.0 2.32 
HRV2 28.4 30065 2.98 30.0 3.03 

Total Monthly Salt Deposit = 
Harveatable Salt Deposit = 

Salt 
Deposit 

-201603 
136387 
51973 
-&-1998 
31756 
96972 

Thia Month = 30 

Salt 
Deposit 

----
-320324 

198982 
'19694 
70094 
28446 

149788 

Year = 2 Month • May Beginning 
Avera1e Averace Average 

Day • 1 Days Run Thia Month = 31 

Daily Daily Daily 
Pond Depth Flow Mg X 

End ins 
Depth 

Ending 
Ml X 

PNDl 99.3 79987 1.03 99.9 1.00 
PND2 48.6 50612 1.76 50.0 1.74 
HRVl 27.9 39284 2.26 30.0 2.21 
HRV2 28.4 29106 2.99 30.0 3.05 

Total Monthly Salt Deposit • 
Harveatable Salt Deposit • 

• 

Salt 
Deposit 

-407970 
228812 

94038 
83508 
-1613 

177545 



\"ear = 2 '.'-fonth = June Be11innin1J 
Average A"-erage A\-erqe 

Day = 1 Days Run This ~onth = JO 

Daily Daily Daily 
Pond Depth Flow '.'-llJ X 

End inc 
Depth 

En dine 

'.'-lg ' 

PSDl 99.2 86913 0.97 99.9 0.95 
PSD2 -48.5 54112 1.68 50.0 1.67 
HRVl 27.8 -U42-I 2.19 30.0 2.22 
HRV2 28.3 30055 2.98 30.0 3.05 

Total '.\otonthly Salt Deposit = 
Harvestable Salt Deposit = 

Salt 
Deposit 

--132184 
245574 
101953 
90445 

5788 
192398 

Year = 2 Mont.h = July Be11inning 
Average Average Average 

Day = l Days Run This Month = 31 

Daily Daily Daily Ending Ending Salt 
Pond Depth Flow '.\otlJ X Depth Mg X Deposit 

PNDl 
P~l'2 
HRVl 

• HRV2 

99.2 
48.5 
27.8 
28.4 

86270 
53218 
40452 
29087 

0.92 99.9 0.89 
1.62 50.0 1.59 
2.13 30.0 2.13 
2.96 30.0 2.99 
Total Monthly Salt Deposit = 

Harvestable Salt Deposit = 

-456269 
255480 
106226 
93767 

-797 
199993 

Year = 2 '.ltonth = August Beginning 
Average Average Average 

Day = 1 Days Run This Month = 31 

Daily Daily Daily 
Pond Depth Flow Mg X 

Ending 
Depth 

Ending 
Mg X 

PNDl 
PND2 
HRVl 
f'RV2 

99.2 
48.6 
27.8 
28.4 

84597 
52418 
40036 
29085 

o.87 loo.o o.ss 
1.56 50.0 1.51 
2.08 30.0 1.99 
2.95 30.0 2.83 
Total Monthly Salt Deposit = 

Harveatable Salt liepoait = 

Salt 
Deposit 

-439022 
249848 
103541 
90982 

5349 
194523 

Year = 2 Month = September Beginnins D&J' = 1 Da1'• Run Thi• Month 
Average Average Averase 
Daily Daily Daily Endinl Endins Salt 

Pond Depth Flow MC X Depth Ml X Oepo•it 
--------------------- --
PNDl 99.3 67058 0.83 100.0 0.81 -374445 
PND2 -18.8 39450 1.51 50.0 1.47 209615 
HRVl 28.4 29013 2.05 30.0 1.94 84116 
HRV2 28.8 20059 2.95 30.0 2.79 71540 

Total Monthl1' Salt Depo•it = -9175 
Harvestable Salt Deposit = 155656 --------------------------------------------------

= 30 

Year a 2 Month = October Besinning 0&1' a l D&J'• Run This Month a 31 
Averase Aven.se Averase 
Daily Dail1' Dally Endinl Endinl Salt 

Pond Depth Flow Ml X Depth Ml X Deposit 

----------------------------- ------------- ----
PNDl 99.6 42864 0.80 100.0 0.79 -310251 
PND2 49.3 23270 1.48 50.0 1.47 155471 
HRVl 29.0 15921 2.01 30.0 2.00 &0561 
HRV2 29.4 9718 2.91 30.0 2.90 50504 

Total Monthly Salt O.posit • -43715 
Harvestable Salt Deposit ,. 111065 



---------------------------------------------------------------
Year = 2 ~onth = ~ove•~r Beginninc Day = 1 Days Run Ttus '.lfonth = JO 

Averace Averace Averace 
Daily Daily Daily 

Pond Depth Flow '.loll X 
Ending 

Depth 
Ending 

'.'fl " -------- -------
P~Dl 99.7 33001 O.i'9 100.0 O.i8 
P~D2 -'9.4 19010 1.-47 50.0 1.-&5 
HRVl 29.2 14001 2.02 JO.O 1.95 
HRV2 29.4 10088 2.93 30.0 2.83 

Total Monthly Salt Deposit = 
Harvestable Salt Deposit = 

Salt 
Deposit 

-----
-203695 

109643 
-40575 
31573 

-21904 
i21-48 

---
Year = 2 ~onth = Deceaber Beginning Day = 1 Days Run This '.lfonth = 31 

Averace :\verace Averace 
Daily Daily Daily Ending Ending 

Pond Depth Flow '.ltg " Depth '.lfg " 

PSDl 99.9 10365 0.78 100.0 0.77 
P!'l'D2 49.8 3495 1.46 50.0 1.47 
HRVl 29.9 1274 2.01 30.0 2.05 
HRV2 29.9 0 2.88 30.0 2.93 

Total ~onthly Salt Deposit = 
Harvestable Salt Deposit = 

Suaaary of year 2 
'.lfontha Calculated = January to Deceaber 
0epo9it in thousands of tons. 

Salt 
Deposit 

-118938 
55221 
17747 
9984 

-35986 
27731 

Jan Feb Mar Apr ~Y Jun Jly Aug Sep Oct Nov Dec Tot 
Pond --~--~-----·~~--~--~~ 
P-iOl 
P!'l'D2 
HRVl 
HRV2 

-53 -60 -202 -320 -408 -432 -456 -439 -374 -310 -204 -119 
31 56 136 199 229 246 255 250 210 155 110 55 
8 18 52 80 94 102 106 104 84 61 41 18 
3 12 45 70 84 90 94 91 72 51 32 10 

-3378 
1932 
766 
653 ----------·-------- ·---------

Total -11 26 32 28 -2 6 -1 5 -9 -"4 -22 -36 -27 
:"4et 11 30 97 150 178 192 200 195 156 111 72 28 1419 

Year = 3 Month = January Be1inning Day = l Daya Run Thia Month = 31 
Averace Averqe Averace 
Daily Daily Dally 

Pond Depth Flov Ml X 
Endinl 

Depth 
Endin1 

Ml X 

PNDl 99.9 6980 0.77 100.0 0.77 
PND2 49.9 1937 1.49 50.0 1.50 
HRVl 29.9 516 2.09 30.0 2.12 
HRV2 30.0 0 2.95 30.0 2.97 

Total Monthly Salt Del>09it = 
Harveatable Salt Depoeit = --------------
.. 

• 
• 

Salt 
Deposit --

--1"478 
-10810 
11328 
4031 
11691 
15359 



Year = 3 '.\fonth = February Beginning Day = l Days Run This '.\fonth = 28 
Average .:\'lrerqe A'l.·erace 
Daily Daily Daily Ending Ending Salt 

Pond Depth Flow ~I " Depth ~g " Deposit 
-------------------- ------------ -----
PSDl 99.8 l·USO O.ii 100.0 O.ii -38196 
P~D2 -49.8 -1996 1.51 50.0 1.53 67302 
HRVl 29.8 2138 2.18 30.0 2.23 201ii 
HR\.2 29.9 377 3.03 30.0 3.09 12-152 

Total !'{onthly Salt Deposit = 62335 
Harvestable Salt Deposit = 33229 

Year = 3 !'{onth = :-larch Beginning Day = l Days Run This '.14onth = 31 
Ave~e A~e~e Averqe 
Daily Daily Daily Ending Ending Salt 

Pond Depth Flow !Ill 1' Depth !'{g 1' Deposit 

PNDl 
PND2 

• HRVl 
HRV2 

99.5 
49.1 
28.7 
29.0 

-19403 
31399 
24894 
19445 

o. 76 100.0 o. ;5 
1.47 50.0 l.« 
2.04 30.0 1.96 
2.91 30.0 2.84 
Total Monthly Salt Deposit = 

Harveatable Salt Deposit = 

Year = 3 !'{onth = April Beginning Day = 1 Daya Run 
Averace Averace Ave~e 
Daily Daily Daily 

Pond Depth Flow !'{g 1' 
Ending 

Depth 
Ending 

Mg 1' 

PNDl 99.3 66837 0.74 99.9 0.72 
P~D2 -48.8 39138 1.43 -19.9 1.37 
HRVl 28.4 28807 2.00 30.0 1.84 
HRV2 28.8 20051 2.95 29.9 2.74 

Total !'{onthly Salt Deposit = 
Harvest.able Salt Depoeit = 

-li5663 
~-18593 

55814 
46lii 
7-1920 

101991 

Thia !'{onth = 30 

Salt 
Deposit 

-259530 
217507 
84102 
70601 

112680 
154703 

Year: 3 !'{onth = May Becinninc Day = l Daya Run Thia Month = 31 
Aver-ace Averace Averace 
Daily Daily Daily En dins EndinC Salt 

Pond Depth Flow Mg X Depth Mc X 0epc>8it --
PMDl 99.3 63846 0.71 100.0 0.10 -354568 
PND2 48.9 32380 1.37 50.0 1.38 245669 
HRVl 28.7 20302 1.94 30.0 2.02 98754 
HRV2 29.2 9727 2.93 30.0 3.11 84906 

Total Monthly Salt Depc>8it s 74762 
Harvest.able Salt Depc>8it = 183660 .. 

• 
• 
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----------------------------------------------------------
'iear = 3 '.14onth = June Be1111nmng 

Avera.ge A,,-erage A'l.·erallfe 
Da)· = l Days Run This '.ltonth = JO 

Daily Daily Daily 
Pond Depth Flow '.\tllJ S 

End inc 
Depth 

Ending 
'.'tC X 

PSDl 
P~D2 
HR\'l 
HR\"2 

99.2 
48..6 
28.l 
z9.; 

i9276 
-14i63 
31533 
20036 

0.68 
1.32 
l.8i 
2.90 

100.0 
50.0 
30.0 
30.0 

0.6i 
l.J2 
1.96 
3.08 

Total ~onthly Salt Deposit = 
Harvest.able Salt Deposit = 

Salt 
Deposit 

-J80658 
262302 
106657 
91886 
80187 

1985"2 
--------------------------------------
Year = 3 '.ltonth = July Beginmn1 

Average Average Averace 
Day = 1 Days Run This ~onth = 31 

Daily Daily Daily 
Pond Depth Flow ~C s 

End inc 
Depth 

Endinl 

~g " 

P~Dl 

PND2 
HRVl 
HRV2 

99.2 
-18.6 
28.2 
28.7 

78882 
-14192 
30889 
19385 

0.66 100.0 0.65 
1.28 50.0 1.27 
1.83 30.0 1.89 
2.89 30.0 3.03 
Total Monthly Salt Deposit = 

Harvest.able Salt Deposit = 

Salt 
Deposit 

--l08204 
271626 
110867 
95198 
69487 

206065 

Year = 3 ~onth = August Be1innin1 
Averace Averace Average 

Day = l Daya Run This ~onth = 31 

Daily Daily Daily 
Pond Depth Flow ~g S 

Ending 
Depth 

Endin1 
Mg S 

PNDl 
P~D2 
HRVl 
HRV2 

99.2 
-18.6 
28.2 
28.8 

77110 
-13403 
30500 
19399 

0.63 100.0 0.62 
1.24 50.0 1.22 
1. 79 30.0 1. 79 
2.88 30.0 2.90 
Total '.lolonthly Salt Deposit = 

Harvest.able Salt Deposit = 

Salt 
Deposit 

--l00242 
264381 
107843 
92323 
64306 

200166 ·-------------------------------------
Year= 3 Month = September Beginninl Day = l Days Run Thia Month = 

Averace Average Averate 
Daily Daily Daily Endinl En din I Salt 

Pond Depth Flow !itl s Depth 
~." Deposit ----

PNDl 99.4 59301 0.61 100.0 0.61 -341665 
PND2 49.0 3C}l88 1.21 50.0 1.22 222143 
HRVl 28.7 19194 1.78 30.0 1.85 87885 
HRV2 29.2 10045 2.91 30.0 3.05 72279 

Total Monthly Salt Deposit • 40642 
Harvest.able Salt Deposit • 160164 

~------------------------------

• 
• 
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'iear = 3 ~onth = October Be!inninc Day = l Days Run This ~cnth = Jl 
Average Average Average 
Daily Daily Daily Ending Ending Salt 

Pond Depth Flov ~II X Depth !14g X Depasit 
-------------------- ---------- -------
PSDl 99.5 -13910 0.60 100.0 0.60 -282288 
PSD2 -19.2 23493 1.19 50.0 1.20 163000 
HRVl 29.0 15888 1.75 30.0 1.82 63388 
HRV2 29.-& 9707 2.86 30.0 3.00 51275 

Total ~onthly Salt Deposit = --1626 
Harvestable Salt Deposit = 114663 

Year = 3 Month = Yoveaber Beginning Day = 1 Days Run This ~onth = 30 
Average Average Average 
Daily Daily Daily 

Pond Depth Flow Mg S 
Ending 

Depth 
Ending 

!ltg s 

PY!H 99.7 3.W76 0.59 100.0 0.59 
P~D2 49.4 19317 1.18 50.0 1.17 
HRVl 29.2 l-«>44 1.75 30.0 1.72 
HRV2 29.4 10118 2.86 30.0 2.80 

Total Monthly Salt Deposit = 
Harvestable Salt 0ePQ9it = 

Salt 
Depasit 

-200564 
116051 
43211 
32498 
-8803 
75709 

Year = 3 !ltonth = Deceaber Beginning Day = 1 Days Run Thia Month 
Average Average Average 
Daily Daily Daily Ending Ending 

Pond Depth Flow Mg X Depth Mg X 
---------

PNDl 99.8 11362 o.59 100.0 0.59 
PND2 49.8 3781 1.18 50.0 1.19 
HRVl 29.8 1310 1.76 30.0 1.81 
HRV2 29.9 0 2.84 30.0 2.88 

Total Monthly Salt Deposit = 
Harvestable Salt Depaait = 

Summary of year 3 
!'ofontha Calculated = January to December 

Deposit in thouaanda of tona. 

Salt 
Depaait --

-110039 
61170 
19876 
10335 

-18658 
30211 

= 31 

Jan Feb Mar Apr May Jun Jly Aul Sep Oct Nov Dec Tot 
Pond - ·--------- -----
PNDl -44 -38 -176 -260 -355 -381 -408 -400 -342 -282 -201 -110 -2996 
PYD2 41 67 149 218 246 262 272 264 222 163 116 61 2081 
HRVl 11 21 56 84 99 107 111 108 88 63 43 20 811 
HRV2 4 12 46 71 85 92 95 92 72 51 32 10 664 

Total 12 62 75 113 75 80 69 64 41 -5 -9 -19 559 
Net 15 33 102 155 184 199 206 200 160 115 76 30 1474 

• 



--- ---
Year = 

"' 
'.'tonth = January ee,inninc Day = l Days Run This Month = Jl 

Average Average Average 
Daily Daily Daily Ending Ending Salt 

Pond Depth Flow '.14g x Cepth !ltg" Deposit 
---------- ----

PSDl 99.9 7989 0.59 100.0 0.59 --19045 
PSD2 -19.9 2238 1.20 50.0 1.21 -16659 
HRVI 29.9 559 1.84 30.0 I.Si 13462 
HRV2 30.0 0 2.91 30.0 2.92 -1402 

Total !ltonthly Salt Deposit = 15478 
Harvestable Salt Deposit = 17864 ---- -------------------

lear = " '.ltonth = February Beginning Day = 1 Days Run This Month = 28 
Average Average Average 
Daily Daily Daily End111g Ending Salt 

Pond Depth Flow !ltg x Depth "lg x Deposit 

P!'fDl 99.8 15154 0.58 100.0 0.58 -44086 
PSii2 49.7 5103 1.23 50.0 1.24 73987 
HRVI 29.8 1914 1.92 30.0 1.96 23285 
HRV2 29.9 94 2.99 30.0 3.04 12933 

Total Monthly Salt Deposit = 66119 
Harveatable Salt Deposit = 36218 

Year = 4 Month = March Beginning Day = 1 Days Run This !ltonth = 31 
Avera11e Average Average · 
Daily Daily Daily Ending Ending Salt 

Pond Depth Flow Mg X Depth Mg X Deposit 

PNDI 
PSD2 
HRVl 
HRV2 

99.6 
49.3 
29.1 
29.-1 

41439 
22305 
15382 
9762 

0.58 100.0 0.57 
1.20 50.0 1.21 
1.82 30.0 1.87 
2.89 30.0 3.01 
Total Monthly Salt Deposit = 

Harvestable Salt Deposit = 

-159141 
156692 
58250 
-16520 
102321 
104770 

Year = .i Month = April Beainninl Day = l Days Run Thia Month = 30 
Averaae Averaae Averaae 
Daily Daily Daily 

Pond Depth Flow Mg X 
------
P!'fDl 99.3 68089 0.57 
PND2 48.8 39406 1.17 
HRVl 28.3 28806 1.77 
HRV2 28.8 20067 2.91 

Endina 
Depth 

Endinl 
Ml X -------

100.0 0.56 
50.0 1.13 
30.0 1.62 
30.0 2.67 

Total Monthly Salt Deposit :s 
Harvestable Salt Depoait ,. 

• 

Salt 
Depoait ---

-245670 
224316 
87201 
71654 
137501 
158855 



Year = -4 '.lolonth = '.lolay Beginning 
Average Average Aver.lie 

Day = l Days Run This Month = J l 

Daily Daily Daily 
Pond Depth Flow '.lolg X 

Ending Ending Salt 
Depth Ml X Deposit 

-----------------------------PSDl 99.J t>-4899 0.55 100.0 0.55 
PSD2 -48.9 32619 1.13 50.0 1.12 
HRVl 28.6 20260 1.69 30.0 1.69 
HR\"2 29.2 97(12 2.84 JO.O 2.87 

Total Monthly Salt Deposit = 
Harvest&ble Salt Deposit = 

-J-43593 
255287 
102080 
86111 
99885 

188190 
---------------------------------------------------------
'iear = 4 Month = June Beginning 

Average Average Average 
Day = l Days Run This Month = 30 

Daily Daily Daily 
Pond Depth Flow Mg X 

----------------------
PNDl 
PSD2 
HRVl 
HRV2 

99.2 
-48.7 
28.5 
29.l 

il115 
35361 
21682 
10051 

0.54 
1.11 
1.69 
2.92 

Ending 
Depth 

100.0 
50.0 
30.0 
30.0 

Ending 
Ml X 

0.53 
1.11 
1.76 
3.10 

Total Monthly Salt Deposit = 
Harvestable Salt Deposit = 

Salt 
Deposit 

-3-49381 
272752 
109403 
91726 

124499 
201129 ---------------------------------------------

Year = 4 Month = July Beginning Day = 1 Days Run Thia Month = 31 
Average Average Average 
Daily Daily Daily 

Pond Depth Flow Mg X 

-------------------------
PNDl 99.2 79912 0.53 
PSD2 48.6 44432 1.07 
HRVl 28.1 30864 1.61 
HRV2 28.7 19380 2.82 

Ending 
Depth 

100.0 
50.0 
30.0 
30.0 

Ending 
Mg X 

0.52 
1.05 
1.59 
2.80 

Total Monthly Salt Deposit = 
Harvestable Salt Deposit = 

Salt 
Deposit 

-396031 
278893 
114002 
96587 
93451 

210589 
--------------------------------------------------------------
Year = 4 Month = August Beginning Day = 1 Days Run Thia Month = 31 

Average Average Average 
Daily Daily Daily 

Pond Depth Flow Mg S 
Ending 

Depth 
Ending 

Mg S 
-----------------------------
PNDl 
PND2 
HRVl 
HRV2 

99.2 
48.8 
28.5 
29.1 

69196 
34372 
21014 
9710 

0.51 100.0 0.51 
1.05 50.0 1.05 
1.61 30.0 1.64 
2.87 30.0 2.97 

• 

Total Monthly Salt Deposit = 
Harveat&ble Salt Deposit = 

.. 

Salt 
Deposit 

-378660 
273669 
110486 
92480 
97976 

202966 



---------------------------------------------------------------
Year = 4 Month = September Beitinning Day = l Days Run This Month = 

Average A1o·era11e Averaite 
Daily Daily Daily Ending Ending Salt 

Pond Depth Flow M!l " Depth Mg " Deposit 
----------------------------- --------------- -------
PNDl 99.3 60253 0.50 100.0 0.50 -334003 
PSD2 -48.9 30445 1.03 50.0 1.03 22i960 
HRVl 28.7 19192 1.59 30.0 1.64 90473 
HRV2 29.2 10042 2.86 30.0 2.98 i3138 

Total Monthly Salt Deposit = 5i568 
Harvestable Salt Deposit = 163611 

---------------------------------------------------------------
Year = -4 !lofonth = October Beginninit Day = 1 Days Run This Month = 31 

Average Average Average 
Daily Daily Daily 

Pond Depth Flow Mg " 
Ending 

Depth 
Ending 

Mg " ---------------- ---------
P~Dl 99.5 -44632 0.50 100.0 0.-49 
PND2 49.2 23i00 1.01 50.0 1.01 
HRVl 29.0 15911 1.56 30.0 1.57 
HRV2 29.3 9738 2.81 30.0 2.82 

Total Monthly Salt Deposit = 
Harvestable Salt Deposit = 

Salt 
Deposit 

-------
-280139 

16i509 
65333 
51907 

4610 
117240 --------------------------------------------------

JO 

Year = -4 Month = November Beginning Day = 1 Days Run This !lofonth = 30 
Avera!Je Average Average 
Daily Daily Daily Ending Ending Salt 

Pond Depth Flow Mg " Depth Mg " Deposit 
---------------------------- ---------- ----
PNDl 99.7 25393 0.49 100.0 0.49 -167869 
PND2 49.5 9793 1.02 50.0 1.04 121458 
HRVl 29.6 4156 1.64 30.0 1.70 -44327 
HRV2 29.8 63 2.95 30.0 3.07 31392 

Total Monthly Salt Depo•it = 29308 
Harvestable Salt Deposit = 75719 

---------------------------------------------------------------
Year = 4 Month = December Be1inning Day = 1 Days Run This Month = 31 

Average Average Average 
Dail7 Daily Daily Endin• Endin1 Salt 

Pond Depth Flow Mg " Depth Mg " Deposit 

--------------------------- -------------- -------
PNDl 99.8 12468 0.49 100.0 0.49 -99175 
PND2 49.8 4553 1.04 50.0 1.05 64226 
HRVl 29.8 2074 1.72 30.0 1.74 20241 
HRV2 29.9 1056 3.08 30.0 3.08 8343 

Total Monthly Salt Deposit = -6365 
Harveatable Salt Deposit = 28584 .. 

• 
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I 
I 
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-----------------------------------------------------·-
Summary of year 4 
~onths Calculated = January to December 

Deposit in thousands of tons. 
Jan Fet- Mar Apr May Jun Jly Aug Sep Oct ~fov Dec Tot 

Pond----------- -----------------------------
PNDl -49 -44 -159 -246 -344 -349 -396 -3i9 -334 -280 -168 -99 -2847 
PSD2 47 74 157 224 255 273 279 274 228 168 121 64 2163 
HRV1 13 23 58 87 102 109 114 110 90 65 44 20 839 
HRV2 t 13 47 72 86 92 97 92 73 52 31 8 667 
--------·--------------------·----
Total 15 66 102 138 100 124 93 98 58 5 29 -6 ~22 
Set 18 36 lOE 159 188 201 211 203 164 117 i6 29 1506 

._ _ . -·- _____ __; 

.. 

.. 
• .. 
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I 
I 

program ElMexModel; 
{ Veraion 1.01, October 31, 1989. The program ElMexMod is a model which 

simulates salt production in solar ponds given the weather conditions 
at the Bl Nasr Salines Co. El Mex site. The evaporation data and the 
control point for the system are internally set in the proc;ram and can't 
be changed without recompiling the program. The only input to the program 
is the input data file and user supplied information. 
Version 1.01 update allows the user to use any editor desired by renaming 
the editor !LMBXBD with the same extension as the original program had. 

The basic operation of the program follows: 
1. A GSL header is displayed with the version of the program. 
2. The program requests the name of a data file for system setup. This 

file sets up the pond system. Certain conventions are used in the set 
up. These are explained later. After the data is read it is displayed 
and the user has the option of changing the data. 

3. Next the program requests information for the specific run. 
4. The program calculates the current run. The program calculates each pond 

each day. The calculational procedure for each day is to begin with the 
last pond. The evaporation ia determined for the pond through the 
evaporation data. The flow from the last pond is determined by looking 
at a control point. The recycle flow i• set to the brine flowing from 
the laat pond. Once the outflow ia known a material balance is done by 
assuming no inflow. The balance ia iterative on the amount of salt 
depoaited. Once the resulting Na material balance matches what the 
equilibrium Na value should be within the tolerance the balance is 
completed. New weight percents are calculated for all ions from the 
material by a material balance on each ion. &ext a flow required to 
keep the pond at a target level is calculated. Thia flow is mixed 
with the brine that waa remaining in the pond. The daily statistics 
are for the pond are rec~rded and the calculation proceeds to the next 
pond. Thia is done each day of each month of each year for the duration 
of the run. 

5. At the end of each day the program will print a material balance file 
if the user has requested it. Otherwise, the records are kept to be 
printed at the end of each month and year. 

6. At the completion of the loops through the ponds, days, month and 
years the statistics file• are closed and the program requeats a file 
name for the ending conditions file. Thi• file is kept so an additional 
run can be made to continue the current simulation. After this file is 
writte~ the program terminate•. 

Rotes for Turbo Paacal progr&lllll8ra: Thia program has been compilied in 
'l'urbo Pascal Version 5.5. Th• program wa• written to be compatabl• 
with any type of diaplay unit and any type of PC baaed hardware. Th• 
program doean't require the u•• of a numeric coproceasor but it will 
uae it if available. Thia is accompliahed through the uae of th• 
complier directives $! and $&. The SM directive allow• th• program to 
to open an external editing program while running. 

There are thr .. unit• uaed by th• program1 the two atandard unit• dos 
and crt and a unit called StrUnit. Strunit manipulate• and generates 
string variables. Por the program to compile th• compilier must locate 
th• StrUnit.'l'PU file a• well •• th• .TPU file• for both do• and crt. 

Th• program i• straight forward in th• •thod of programing. Simple 
procedures used throughout th• program are the first procedure• to be 
liated. The procedure Balanc.i>ond doe• the bulk of th• calculational 
portional of the program. Balanc.,ond ha• the sub procedures which take 
care of determining the flow from the laat pond (LaatPondl"lowOut), main­
taining the target level in each pond (AdjuatLevel) and determining th• 
ion weight percent• (Chem). All calculations are done in •tric tons and 
weight percents. Record variables are used liberaly to facilitate 
programing. 



Thia proqram vaa written by Dave Butta and Chad McCleary of 
GSL Solar Conaultanta and Adviaora 
P.O.Box 1190 
Ogden, Utah 
84402 

Tel. 801-731-3100 } 

{SM 8192,0,0} 
{SB+} 

{ Leave memory for child process. } 
{ Emulation processor switch. } 

{ Numeric processor svitch. } {SH+} 
uses dos, crt, StrUnit; 

con st 
MaxPonds = 15; 
MaxMonths a 100; 
Editor a 'BLMBXBD '; 
delayvalue a 100; 
bell a f7; 
P~ogramVeraion = 1.01; 

{ Th• evaporation data is the monthly evaporation expressed as tons per 
hectare per month. Likewise, the rain is expressed as tons per hectare 
per month. The evapdat array contains tha constants to make functional 
(linear) evaporation calculations baaed on the veight percent magnesium. } 

evapdat: A!UtAY[l •• 13, 1 •• 4) OP REAL a 

{ Inter. Slope Rain Daya } 
( ( 805.0, 115.0, 410.0, 31) I { January } 

( 956.0, 129.5, 390.0, 28), { February } 
( 1167.0, 144.0, 110.0, 31), { March } 
( 1533.0, 181.0, 20.0, JO), {April } 
( 1700.0, 181.0, 0.0, 31) I { May } 
( 1810.0, 187.0, o.o, 30), { June } 
( 1810.0, 187.0, 0.0, 30), { July } 
( 1810.0, 187.0, o.o, 31), { August } 
( 1533.0, 181.0.. 10.0, 30), { September } 
( 1167.0, 144.0, 50.0, 31), { October } 
( 956.0, 129.5, 140.0, 30), { lfovember } 
( 805.0, 115.0, 340.0, 30), { December } 
(15730.0, 1777.0, 1470.0, ~65)); {Year } 

Monthlf ... a : array[l •• 12) of atring[9] • { Rames ot the months. } 
('January','Pebruary','March','April', 
'May','June','July','Auguat', 
'Septaber' , 'October' , 'Rovembtlr' , 'December' ) ; 

MontbDaya : array[l •• 12, 1 •• 3] of integer• {Ordinal days ot the month•. } 
{ PirstDay LaatDay Counter } 

(( 1, 31, 1), 
( 32, 59, 2), 
( 60, 90, 3), 
( 91, 120, 4), 
(121, 151, 5), 
( 152 I 181, 6) I 
(182, 212, 7), 
(213, 243, 8), 
(244, 273, 9), 
(274, 304, 10), 
(305, 334, 11), 
(335, 365, 12)); 



{ Molecular Weight• of the Iona } 
MW: array[l •• 6] of real • 

( 39.0938*2, { lt2 } 
22.98977*2, { Na2 } 
24.305, { Mg } 
35.453*2, { Cl2 } 
96.0596, < so' } 
18.0152 ); { 820 } 

{ These value• control the convergence for pond balancing. } 
Maxiterationa • 100; 
Tol • 0.0000000001; 

type 
PondRecord • RECORD .... . STRIRG[4]; . 

Area REAL; 
Depth REAL; 
TargetDepth . REAL; . 
Inventory 
It 
Ra 
Mg 
Cl 
so' MaxPlaw 
Recycle 
OUtPlaw 
SDPact 

end; 
PondData 

Monthllecord ·­Pir•tDay 
La•tDay 
Counter 

. REAL; . . REAL; . . REAL; . . REAL; . . RIAL; . . RIAL; . . REAL; . . RIAL; . . REAL; . . RIAL; . 
• array[O •• 

• RECORD 
: STRIRG; 
: Ilft'BQBR; 

Il'.rBGBR; 
: Il'.rBGBll; 

MaxPond•] of PondRecord; 

end; 
Monthinf o • array[l •• 12) of Monthllecord; 

DayStatRecord • RECORD 
Beginninginventory : RIAL; 
MgO : RIAL; 
Rao : RIAL; 
InPlow RIAL; 
Mgl RIAL; 
Ral REAL; 
Recycle RIAL; 
Mg2 RIAL; 
Ra2 RIAL; 
Bndin9Inventory RIAL; 
Mgl RIAL; 
Ra3 llAL; 
OUtrlow RIAL; 
Bvaporation RIAL; 
SaltDepo•it JmAL; 

end; 
DayStat• • array[O •• MmcPond•] of DayStata.cord; 

3 



Mon'thStatllecord • RECORD 
DailyDepthSua REAL; 
DailyOutFlowSua : REAL; 
DailyMgSua REAL; 
EndinqDepth REAL; 
EndinCJMg : REAL; 
DailySaltDepoeitSua REAL; 

end; 
MontbStata • array[O •• MaxPonde) of MonthStatRecord; 

var 
C~d: STRING[ 127); { String for executing doa ~c•r:::11; -·" 

{ RECORD Variabl• } 
MonthData MontbState; 
DayData : DayState; 
Month• : Monthlnfo; 
Pond• : PondData; 

{ Th• llOntbly statiatica. } 
{ The daily .. terial balance atatiatica. } 

{ Th• record of 110nth data. } 
{ The array of pond inforaation. } 

{ The Yearly Statiatic• } 
YearData : array[l •• 12, 1 •• "-XPond•) of REAL; 

{ File ·- Variabl• } InPil .. _, 
BalOUtPil .. _, 
OUtPil .. _, 
EndingPil .. _ : S'l'RillG; 

{ Pond ayatell initial condition file ~. } 
{ Daily .. terial balance file ~. } 

{ Monthly and ,.arly ·~ file u-. } 
{ lnding conditione file ~. } 

{ Fil• Variabl.. for OUtput } 
BalOUtPile, 
OUtFile : TEXT; 

{ Daily .. terial balance file. } 
{ Monthly and y.arly aaury file. } 

{ Variou• Input and output Variabl.. } 
InChar : CllAll; 
DbplayOay, 
InBtring: STRI•a; 

{ Counter Variablu } 
i, j, InVal, CodeVar, 
Pond, La•tPond, 
Day, BeginDay, BeginningDay, Dayallun, Firetllonth, LaatMonth, 
Month, BeginMonth, Bndllonth, Monthdun, •uabez<>tMontha, 
Year, KUllbeEOfYear•: IlftBamt; 
Previou.OUtFlow, Prwiou9Mg : REAL; 

{ Balance Variable• } 
Tr, Kr, Mgr, 1'ar, Clr, SO'r: RDL; { The recyc:le flow and w.ight \. } 
Tin, Kin, ••in, Mgin, Clin, SO'in: DAL; { The flow into the pond. } 
Tout, Tb, D, •ab, Mgb, Clb, SO'b: RBAJ.; { The beginning inventory. } 
Tf, If, •af, Mgf, Clf, SO,f, 820: DAL; { The valuee calculated in Ch•. } 
w, BvapPact, Precipl'act : RBAL; ( The evaporation for th• pond. } 
cp, Cpltan9• : RIAL; { t.•t pond flow controla. } 
iote9t : Ill'!lala; ( Input output checking flag. } 

{ Flag• for controling Calculation•, Printing and Reading } 
Pir•tDay, MontbPrn, BalancePrint, 1'Mc1Pile, lvapCbanged, 
controlCbangeds IOOLIAll; 

procedure Waitrorlnter; 

( Th• procedure ~aitrorlnter di•play• a prompt 
on th• acreen, and wait• for the uaer to pr•• 
the Inter key } 

begin 
writeln; 
write ('Pr••• <Inter> to continue. '); 
readln; 
writeln; 

end; 

{ Wait.Forlnter } 

{ WaitPorlnter } 



I 
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function Denaity( x : RBAL) : RBAL; 

{ '!'Ile Denaity function calculatea the denaity of a 
brine given the weight percent Mg++ in the brine. 
Tile value returned i• ton• per cubic -ter. } 

begin; { Deui ty } 
if x <• o.o then 

begin 
gotaxy ( 10, 15); 
writeln ('Tb• value of x in dllllaity function i• ',x:6:2); 
write ('Vbat i• a valid value for x in pond ',Ponda[Pond].lf-,' ?'); 
read1n (x); 

end; 
Denaity :• 1.1788 * EXP( Lii (X) * 0.0695); 

end; 

procedure QSLBeader; 
{ 'l"be QSLBeadar progr- clear• the .creea and diaplaya the aat. 

Solar Conaultanta and Adviaor• logo. 
'1'be progr- ua• the following procedure9 from the CRT unit: 
CLBSCll 
9otaxy } 

{ Denaity } 

begin; { GSLlluder } 
clr.cr; 
TatColor (15); 
gotoxy (18, l); 
write (' GQG S88 LLLL'); 
9otaxy (18, 4) ; 
write c ' GGCGGGGQG S88S8ssaa LLLL' >; 
gotoxy (18, 5); 
write < ' CGGG QQQG 8888 sass LLLL' >; 
gotaxy (18, 6); 
write c 'GQCQ GGGG sssa LLLL' > ; 
gotaxy (18, 7); 
write c 'aaCG ssaa LLLL'); 
gotoxy (18, 8); 
write ( 'aaGGI 8888 LLLL' ) ; 
gotaxy (18, 9); 
write ( 'aaGGI t 8888 LLLL'); 
gotaxy (18, 10); 
write ( 'QGQG QGGQQO SW LLLL' ) ; 
gotaxy (18, 11); 
write ( 'QGGG QGGG S888 LLLL' ) ; 
gotaxy (18, 12); 
write ( ' QGGG GGGQ 8888 S888 LLLL' ) ; 
gotaxy (18, 13); 
write ( ' GGCGGGGQG 8888 88U LLIJ.LJ.IJJ.IJ.tt' ) ; 
gotaxy (18, 1'); 
write ( ' QGGQO 8888888 Lttt.I.LLLLLLLL' ) ; 
gotaxy (18, 15); 
write ( ' 80LAll COllSUL'l'AftS and ADVI80R8' ) ; 
gotaxy (18, 17); 
write(' 11 Ma Model Veraion ',Progr..Veraion:,12); 
writeln; 
WaiUorlnter; 

end; ( aat&eader } 

s 



procedure Input; 

{ Proc:edure Input begin by loading the Montha record with th• ~, fir•t 
day8, lut daya and month naiber of -cb month. '?be procedure then goe. on 
to re.cling a data file vbich contain th• initial concUtiona for th• pond 
8J9U.. If the bool~ variable ia -t to 'l'llUI the proc:edure reciu-ta a 
file um. for reading. Othervi- it ~da the current file. 'ftl• procedure 
retum. the number of ponda in the .yau. and the a... of th• file read. 
fte read ..:tion akipe OV9r all linee up to and including a line of '0 
uteriaka, (•). 'ftlia line •ignal• the beginning of the data aection. } 

var 
Fil.St.art 
u.p&t.art 
InPile 
j 

: S'l'llIIJG[JO]; 
: S'l'llIIJG[6]; 
: 'l'UT; 
: linGD; 

proc:edare Chang.svapControl; 

{ String flag in th• to aignal r-d start. } 

{ Dau file name. } 

{ Tbia procedure allowa the uaer to cbAn99 the 99aporation and/or the 
control point data of the ayau.. 'ftlere are tvo aub procedurM, ChAngdvap 
and ClwlgeControl. } 

type 
cba.raettype • Sft OF CBAll; 

var 
Mmueban : cbanettype; 

proc:edur9 CL.mgeBvap; 
begin { Changdvap } 

clr9cr; 
gotaxy (10, 10); 
write ('Toa''v• Mlected change the evaporation data.'); 
gotaxy (10, 11) ; 
write ('Do yoa want to continue? '); 
:nCbar :• upcue(readkey); 
write (IDCbar); 
delay (delayvalue); 
vbil• InCbar • 'T' do 

begin 
BvapCbeged :• True; 
9otaxy (10, 11); 
clreol; 
write ('What month to change the data for? •Ullber• only. '); 
readln (Month) ; 
9otoxy (10, 11); 
clreol; 
write ('Changing 9¥aporation data for ',Montba(Month] ..... ,; 
9otaxy (10, 12); 
clreol; 
write ('What ia the intercept for ',Montha[Month] ..... , '7 '); 
readln (h'apDat [Month, 1]); 
gotaxy ( 10, 1l); 
clnol; 
write ( 'Vbat ia the elope for ',Montba[Month] ..... , '? '); 
reacllA (h'apDat [Month, 2)); 
gotoxy (10, 1'); 
clreol; 
write ('Vbat ia the rain for ',Montha[Month].• ... ,'? '); 
readln (l'lapDat [Month, l]); 
9otoxy (10, 15); 
clreol; 
write ('Do yoa want to cbange another? '); 
Incbar :• upcue(readk.y); 
write (Incbar); 
delay (delayvalue); 

end; 
end; { Charu1dvap } 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

procedure Challg9Control; 
begin { CbangeControl } 

ControlCbang.d :• True; 
clr.cr; 
gotoxy (10, 10); 
write ('You' 've Mlected cbanqe th• control point.'); 
gotoxy (10, 11); 
write ('Th• current control point i• ',Cp:,:2,'. '); 
gotoxy (10, 12); 
write (''rile current control range i• ',CpRange:,:2,'.'); 
repeat 

begin 
gotaxy (10, 15); 
clreol; 
gotaxy (10, 13); 
clreol; 
write ('Vbat i• th• n.w control point? '); 
readln ( Cp) ; 
gotaxy (10, 1'); 
clreol; 
write ( 'Vbat i• the ner control range? '); 
readln ( CpRange); 
gotaxy (10, 15); 
write ('Are ~ valUM correct? '); 
InCbar :• upc-(r .. dk9y); 
write ( Inebar); 
delay ( delayvalue); 

end; 
until InChar • 'Y'; 

end; 

begin 

{ CbanqeControl } 

{ ChangeBvapControl } 
MenuChara :• ['B','C','B','•'J; 
clracr; 
gotoxy (10, 10); 
write ('The cbuge flag wu detected wbile reading ',IDPil .. -,'.'); 
gotoxy (10, 11); 
write ('Do you want to change <B>vaporation data'); 
gotoxy (10, 12); 
write (' 
gotoxy (10, 13); 
write C' 
gotoxy (10, 1'); 
write (' 
repeat 

begin 
gotoxy (10, 15); 
clreol; 

<C>ontrol point data'); 

<B>Oth'); 

<•>othing, ) ; 

write ('Snter the fir•t letter of your choice '); 
InCJlar :• upcue(readkey); 
write (InCb&r); 
delay ( delaJ9alue); 

end; 
until InCbar in Menuebar•; 
if InCbar • 'S' thm Changdvap; 
if IDCbar • 'C' t.bm Chang.Control; 
if InChar • 'B' tbell 

begin 
Chang.Control; 
Changdvap; 

end; 
InChar :• '•'; 

end; { CbangelvapControl } 

7 



begin 
{ Input } 

for i : • 1 to 12 do 
begin 

{ Pirat load th• mantha record. } 

with Montha[i] do 
begin 

KW : • llontblkmH (1) ; 
PiratD&y :• llonthDaya[i, 1); 
LutDay : • MonthDaya [i, 2) ; 
Counter : • MontbDaY8 [ 1, 3] ; 

end; 
end; 

repeat 
begin 

if a..dFil• then 
begin 

repeat 
begin 

cir.er; 
gotaxy (5, 10); 
write ( 'Vbat IllPUT data file do you want to read? 
readln (IDPil ..... ); 
gotaxy( 5, 11) ; 
write ( 'a..d input file ', InPilella89,' OK? '); 
Incbar : • upcue( readtey); 
wri teln ( IllCbar) ; 
delay (delay.alue); 

end; 
until IDChar • 'Y'; 

end; 

'); 

{SI-} 

{$I+} 

uaign (InPile, Illl'ilella89); { Open the input file for reading. } 

ioteat :• iore.ult; 
if ioteat <> 0 then 

beg ill 

end; 

writeln (InPil .. w,' vun"t found. Try again.'); 
WaitPorBnter; 

end; 

until ioteat • O; .-
repeat { Skip the comment aection of the input !ile. } 
rMdla (InPile, u.p&tart, 1'11 .. tart); 
until Pil .. tart • '•••••*************************'; 
if tempetart • 'CDllCD' then ~apControl; 
1 :• O; 

Vbile not eof (IDl'ile) do 
beg ill { Begill rMding the data. } 

vitb Ponda[ 1 ] DO 
beg ill 

readln (IDPile, •-, 

end; 
inc(i); 

end; 
ClOH (Inl'ile) 1 
LaatPond a• 1 - l; 

Area, 
Depth, 
Targ9tDeptll, 
K, 
•a, 
Mg, 
Cl, 
ICM, 
Mmd'low, 
Jteqcle, 
11>1'.ct); 

8 
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I 
I 
I 

if L&atPond > MuPonda then 
b9gin 

gotaxy (10, 20); 
writeln ( 'Maxi.pm n'IUlber of ponda i• liaited to ',MmcPonda: J, '. ' ) ; 
writeln (Ial'il..._,, baa ',L&at.Pond:J,' ponda.'); 
writeln ('Pl-- check your input dau. '); 
VaitForBnter; 
Input; 

end; 
Ponda(O].Inventory :• 0.0; {Calculate the inventory for eacb pond. } 
for i :• O 1'0 L&atPond DO 

b9gin 
with Ponda [i] DO 

b9gin 

end; 

Inventory :• Area • Depth • 100.0 • Denaity(llg); 
end; 

end; { Input } 

procedure VritelbldingConditionaFile; 
{ Thia procedure write. t.be ending coaditiona to a file that C4'Jl be uaed aa 

t.be •tarting file for another run. } 

var 
BndingPile : tmtt; 

b9gin { ~ritebdingCODditionaFil• } 
repeat 

b9gin 
write (bell); 
gotaxy (10, 20); 
clreol; 
write ('Vbat file do you want t.be mdtng cond!tiona vrittm to? '); 
readln (lndingl'il ..... ); 
gotoxy (10, 21) ; 
clreol; 
write ('Write ending conditiona to ',Blldingl'il ..... , '. OK? '); 
InCbar :• upcaae(readkey); 
vri te ( IftCbar); 
delay (delayvalue); 

end; 
until InChar • 'Y'; 
uaign (lndingl'ile, Bndill9f11 ..... ); 
rwrite (bdingl'ile); 
vriteln (lndin91'ile,'Sndi119 Collditioaa Pile'); 
vriteln (lndingl'il•, 'ltart Coaditiona Prem : ',Inl'il ..... ); 
vriteln (lndingl'il•, 'Model run covered ',•1mlbu<>fYeara:2,' ,.ara. '); 
vriteln (lndingl'ile, 'Model ran ',lhmbezOflloDtha,' 9Dlltha.'); 
vriteln (Bndin91'ile,'The firat -th run•• ',Jlaatha[Piratllollth] • .._, 

'.'); 
vriteln (Bnd1J19Fil•, 'The lut 80Dth run vu ',JlaDtha[LaatllalltbJ .•w,'. '); 
vriteln (lndingl'ile,'The evaporation factor wu ',bapf'act:5:3,'.'); 
vriteln (lndingl'ile, 'The precipitation factor vu ',Prec1pl'act:5:3,'. '); 
vritela (SDdingl'11•,'•••••••••••••••••••••••••••••••••••••••••••••••', 

·················••'); for Pond :• o to LaaUODd do 
begin 

with fonda[foad] do 
begin 

writeln (lndiD91'ile,.._,' ',rOWld(Area) :5,' ',rOWld(Depth) :,, ' 
round(Tar9etl>epth):,,' ',K:l:2,••:1:2,Mg:l:2,Cl:6:2, 
804:6:2,Maxl'lowstsO,' ',19c:ycle:ls1,' ',llWact:,:2); 

mdJ 
mdl 

clo.e (lndingl'ile); 
end; 

, 

, , 



function bap : RDL; 

var 

{ The Bvap function calculatea th• 9Vaporat1on 
at the Bl Ila aite for a given Mg weight percent and a 
given mollth. TIN eYaporation i• mcpreaaed in tou per 
hectare per day. Thi• evaporation function can be 
80Clitied by changing the conaunt array, .,,apdat} 

x, a, b, rain, daya: RBAL; 

begin { Bvap } 
x :• Ponda[Pond] .Ilg; 
• :• 9V&pdat[90Dth, 1); 
b :• 9Vapdat[mnth, 2); 
rain :• evapdat[mnth, l]; 
daya :• 9Vapdat[month, '1; 
Bvap :• ((a - b • x) • BvapPact - rain • PrecipPact) I daya; 

md; { Bvap } 

procedure Sbc:M>ata; 

{ Procedure SbowData diaplaya the pond data that hU bem read and uka th• 
u..r to confirll that the data 1a correct. If th• uur aignala an error in 
the pond data SbowData uka if a a.w file ahould be read or if editing of 
the currmt file abould be done. · 
If editiJMJ ia reqaeeted the procedure md.ta to the text editor BDVIW with 
the file that v.. jut ?'Md. Upon ccmpletion of BDVIW the file 1a re-rud 
and diapla,.S 1a9ain. 
If a ..., file i• requeeted the procedure aiaply inform procedure Input of 
the requeet. 
The procedure ShONData mda wbm the uur aignala the data to be correct. } 

begin 
repeat 

begin 
clracr; 
writeln 
writeln 

{ ShowData } 
{ Show the data until the llHr Olt'a it. } 

{ Bebo what wu read. } 

('Data read frcm ',InPil .. _, ':'); 
('Pond Poad curnt Tar 

I Poad Pond 8al t, ) ; 
writeln ( ·•- Ar• o.pth Depth Inventory U 

''8CM Marlow Rec. Dia.'); 
writeln (' (Beet) (cm) (cm) (Tou) 

I (..-J/d) ract'); 
for i :• O to Laat.Poad do 

begin 
with Ponda (1) do 

begia 
writeln <•-·I I I 

Area:,:O,' ', 
Depth:laO,' ', 
'fargetl)epth I l I 0 I I I I 

Inv•tory:8:0,' ', 
K:,:2,' ', 
.. :512,' ', 
Mgl512, I I I 

c1:5a2,' ', 
IOC:5:2,' ', 
Mlldl0W1810, I 

1 
I 

lteeyc1•:1:1, I I I 

1Dract:•:2); 

Ion Weight Percent•', 

Ula \Cl 
, 
' 

, , 
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write ('Ia all the data correct? <Y> or <R> '); 
InChar :• UPCASl(RBADDY); 
write (InChar); 
delay (delayvalue); 

if InChar • 'R' then { User saw an error in the data read. } 
begin 

gotoxy (1, 22); 
write ('**U••r specified error in input data.**'); 
gotoxy (1, 23); 
write ('Do you want to read a different file? <Y> or <R> '); 
InChar :• UPCASB (READDY); 
write (InChar); 
delay (delayvalue); 

if InChar • 'Y' then { Read a new file if desired ••• } 

end; 

begin 
InChar :• 'B'; 
ReadFile :• TRUE; 

end 
els• 

begin 
gotoxy (l, 24); 
write ('Progr- will exit to the editor with '+InFil ..... ); 
WaitForBnter; 
COlllMUld :• Editor + InFil .. ame; 
swapVectora; 
lxec(Getlnv('COMSPBC'), '/C ' +Command); 
swapVectora; 
if Doalrror <> O then 
WriteLn('Could not execute CC»tMARD.CCll'); 
WriteLn; 
ReadFile :• FALSE; 

end; 
Input; 

end; 

until InChar • 'Y'; 
end; { ShowData } 

proc~ur• MaterialBalancePrint; 
{ Thi• procedure print• the -terial balance to the Balout file. The material 

balance is printed at the end of each day• calculation. The DayData array 
contain• the Hterial balance information for each pond, each day. } 

begin 
writeln 
writeln 
writeln 

{ MateriallalancePrint } 
(BalOUtPile); 
(BalOUtPile, Month•[Month].s ... + ' ' + Di•playDay); 
(BalOUtPile,' Beginnin9 Plow Recycle Bndin9 

'Plow Salt '); 
, , 

writeln (BalOUtPile,' Inventory In In • Inventory OUt 
'D•po•it lvaporation'); 

for Pond :• 1 to La•tPond do 
begin 

{ Pir•t print the .... balance. } 
write (BalOUtPile, Pond•[PondJ.• ... >; 

, , 

writeln (BalOUtPile,' ----------------------------------------------', 
'-------------------'); • .. 

" 



I 
I 
I 
I 
I 
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with DayData[Pond] do 

end; 
end; 

end; 

begin 
writeln 

writeln 

writeln 

writeln 

writeln 

(BalOutFile,'Maaa ', 
round(Beginninginventory):9,' ', 
round(InPlow) :6,' ', 
round(Recycle) :6,' •', 
round(Bndinqinventory):9,' ', 
round(OUtFlow):6,' ', 
round(SaltDepoait):5,' 
round(Bvaporation):5); 

(BalOUtFile, 'Mg ', 

, , 

round(Beginninginventory*MCJ0/100.0):8,' ', 
round(InPlow*MCJl/100.0):5,' •, 
round(Recycle*MCJ2/100.0):5,' • ', 
round(Bndlnginventory*MCJJ/100.0):8,' ', 
round(OUtFlov*Mg0/100.0):5,' ', 
O:,,' ', 
0:7); 

(BalOUtFile,'Ba , 
round(Beginninginventory*Ra0/100.0):8,' ', 
round(InPlow*Ral/100.0) :5,' .', 
round(Recycle*Wa2/100.0):5,' • ', 
round(lndinginventory*Wa3/100.0):8,' ', 
round(OUtFlov*Wa0/100.0):5,' ', 
round(SaltDepo•it*0.393,):6,' 
0:7); 

, 
I 

(BaloutFile,' ---------------------------------------', , ______ -------------------'); 
(BaloutFile,'Ma•• Balance• ',ab•(Beginninginventory+ 

InPlow+ 
Recycle­
Bndinginventory­
OUtFlow-
Sal tDepo•i t-
Bvaporation):7:3,' , 

'Mg Balance• ',aba((Beginninginventory*Mg0/100.0)+ 
(InPlow*Mgl/100.0)+ 
(Recycle*MCJ2/100.0)­
(lnd1nginventory*Mg3/100.0)­
(OutPlow*Mg0/100.0)):7:3,' ', 

'••Balance• ',aba((Beginninginventory*•a0/100.0)+ 
(Inl'low*•al/100.0)+ 
(Recycle*•a2/100.0)­
(lndinginventory••a3/100.0)­
(Outl'low*Ra0/100.0)-

writeln(Baloutl'ile); 
(SaltDepoait*0.393,)) :7: 3); 

{ with DayData } 
{ tor Pond loop } 

{ HateriallalancePrint } 

\2.. 
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procedure ~•tStartConditiona; 
{ Requ .. t th• begining month, begining day, output file etc. } 

vu 
InString, InChu STIURG; 
i, InVal, CodeVu : IRTEGD; 

b9gin { GetStutConditions } 
repeAt 

begin { Th• beginning 110nth.} 
Month :• O; 
clrscr; 
gotoxy (5, 10); 
write ('Wluat month do the calculation' begin in? '); 
readln (InString); 
InString :• InitialCap (Inatring); 
val ( InString, InVal, CodeVar ); 
1 :• o; 
repeAt 

t.gin 
inc(i); 
if Months[i].Counter • InVal then 

begin 
Month :• 1; 

end 
•lH if copy(Months[i].•aM, 1, '> • copy(InString, 1, •> then 

begin 

end; 

Month :• 1; 
end; 

until (Mont!!• i) or (1 • 12); 
if Month <> 1 then 

end; 

begin 
gotoxy (10, 20); 
clreol; 
writeln (InString,' ian''t rec0gnized aa a month.'); 
writeln ( 'PleaH enter either the complete name or the nWlber. '); 
WaitForBnter; 

end; 

until (Month > 0) and (Month < 12); 
F1ratMonth :• Month; 
repeAt { Th• beginning day. } 

gotoxy (5, 10); 
clreol; 
write ('What day in ',Montha[MontbJ.•-·' do the calculations begin?'); 
readln (Day); 
Day :• Montha[Month].PirstDay +Day - 1; 

until (Day<• Montha[Montb].LaatDay) and 
(Day>• Montba[Month].Pi:atDay); 

repeAt 
begin 

gotoxy (5, 10); 
clreol; 
write ('Vbat ia the evaporation factor for th1• run? '); 
readln (IVapPact); 
gotoxy (5, 10); 
clreol; 
write ('Vbat ia the precipitation factor for thi• run? '); 
readln (Precipl'act); 
gotaxy (5, 10); 
clreol1 
write(' IVaporation !'actor• ',lvapPact:5:J); 
gotoxy ( 5, 11) 1 
clreol; 
write ('Precipitation !'actor• ',Precipl'act:5:l); 
gotoxy (5, 12); 
clreol; 
write ('Ar• theae correct? ')1 
InCbu 1• upeaH(readtey); 
write (InChar); 
delay (delayvalue); 

end: 



I until InCbar. 'Y'; 
clrscr; 
repeat { Th• number of month• to run ••• } 

begin 
clrac:r; 
gotoxy (5, 10); 
clr110l; 
write ('Bov many month• do you 'Afant the calculation• to run? '); 
r-dln (RumbeJ:OtMontha); 
if RUllberO!Montha > MaxMontha then 

begin 
gotoxy (5,11); 
write ('Muat be l••• than ',MaxMontha:l); 
WaitForEnter; 

end; 
end; 

until RUllberOfMontha <• MaxMontha; 

if (trunc(RWlberO!Months I 12) a (RUllberOfMontha I 12)) and 
(Month • l) then { ••• and th• number of yeara. } 

begin 
llUllberOfY~• : • trunc ( RUllberOfMontha I 12) ; 

end 
.1 .. 

begin 
llWlberOfY~• : • trunc C C RuaberOfMontha + Month) I 12 + 1) ; 

end; 

gotoxy (5, 10); { Th• output file. } 
clreol; 
write ('What file do you want the monthly total• written to? '); 
readln (OUtFild._); 

gotoxy ( 5, 10) ; · { A material balance output file? } 
BalancePrint :• falae; 
clreol; 
write ('Do you want to k-p •daily material balance file? <Y> or<•> '); 
InCbar :• upcaae(rudkey); 
writ• ( InCbar); 
delay (delayvalue); 
if InCbar • 'Y' then 

begin 
gotoxy (5, 10); 
clreol; 
vri te ( 'Wba, !11• name for th• balance file? '); 
rudln (BalOUtPil .. ._); 
BalancePrint :• true; 

end; 
end; { QetStartc:onditioH } 

procedure ZeroDayData; 

begin 
for i :• 1 to Laat.Pond do 

begin 
with DayData[i] do 

t.gin 
leginninginventory 
Inflow 
lecycl• 
lndinginventory 
OU ti' low 
1Vaporat1on 
lalt.Depo•it 

•ndJ 
end; 

•nd; 

{ Procedure to zero out the daily data record. } 

{ ZeroDayData } 

:• o.o; 
:• o.o; 
:• o.o; 
:• 0.01 
:• o.o: 
:• o.o; 
:• o.o, 

{ ZeroDayData } 

·~ 



procedure ZeroMonthData; 

{ Procedure to zero out the monthly data record. } 

begin { ZeroMonthData } 
for i :• l to LaatPond do 

begin 
with MonthData[i] do 

begin 
DailyDeptbSum 
DailyOutPlOWSum 
DailyMgSua 
EndingDepth 
EndingMg 
DailySaltDepoaitSum 

:• 0.0; 
:• 0.0; 
:• 0.0; 
:• 0.0; 
:=- o.o; 
:• 0.0; 

end; 
end; 

end; { ZeroMonthData } 

procedure ZeroYearData; 

begin 

{ Procedure to zero out th• yearly data record. } 

{ Z.roYearData } 
!or i :• l to 12 do 

begin 
!or j :• l to LaatPond do 

begin 
YearData [i, j] :• o.o; 

end; 
and; 

end; { ZeroYearData } 

procedure BalancePond; 
{ Thi• procedure u••• Wegatien convergence acceleration to cloae on the 

amount of aalt depoaited. A !ir•t gu••• ot th• •alt depoait i• made 
by removing th• evaporation water then calculating the new •odiwa weight 
percent. Th• new magneaium value i• calculated alao, both by material 
balance. } 

con at 
tol2 • 0.00000001; 

var 
Mgc, Rae, Salte, Salte : REAL; { The ••timated valu••· } 
CalculateAllion•: BOOLBAll; { Plag to calculate ion wt. ' after balance. } 
Iteration• : Il'l'IGIR; 
Saltcl, Saltc2, Deltal, Delta2, 
Intercept, Slope : REAL; { Weg•tien convergence variabl••· } 

procedure Cb.911(x : REAL); 

{ The Chem Procedure calculate• the weight percent ot 
the ion• in El Mex brine giYen the weight percent Mg++. 
The procedure •••Ulla• only five ion• in eolution. 

{ Ch• } 

The K+, Cl- and the so, __ ion• are calculated by material 
balance. Th• "9++ and la+ ion• are calculateed in the procedure 
BalaneePond. The la+ ion calculation done in tbi• procedure 
i• the equilibriwa value. } 

lS 



var 
820 : REAL; 

begin 
if CalculateAllions then 

{ Chem } 

begin 
Maf :• ((Tb - Tout) *Nab+ Tr* Mar - Salte * 39.34) I Tf; 
Clf :• ((Tb - Tout) * Clb +Tr * Clr - Salte * 60.66) I Tf; 
ltf :• ((Tb - Tout) *Kb+ Tr* ltr) I Tf; 
S04f :• ((Tb - Tout) * S04b +Tr * S04r) I Tf; 

end 
else 

begin 
Maf :• 10.5397 - 1.595l*X - 0.0359*X*X + 0.0095*x*x*x; 

end; 
and; { Chem } 

procedure LaatPondFlowOut; 

{ Procedure LaatPondFlowOut determin .. the flow froa the last pond. 
If it is the first day of calculations the flow is set to 1/2 
the maximwa flow froa the pond. otherwise, the flow from the last 
pond is determined by comparing the Mg concentration in the last 
pond, x, with what is was the day before, xp. Tb• procedure also 
uses an upper and lower lillit on the desired Mg concentration to 
determine whether to flow maxiWI or not at all. The procedure returns 
th• flow froa the last pond as Tr, the recycle flow, and Mgr, Mar as 
the recycle concentration• of Mg and Ra respectively. } 

var 
x, ltl, 1t2 : REAL; 
ControlValu• : REAL; 

begin { LaatPondFlowOut } 
ltl :• Cp + CpRange; 
lt2 :• Cp - CpRange; 
x :• Ponda[Pond].Mg; 
if PrevioueOutPlow • o.o then controlValue :• 150.0; 
if Previou.OutPlow <> 0.0 then ControlValue :• 0.0; 
if x >• ltl then { Beginning of the decision tree. } 

begin 
DayData(Pond).OutPlow :• Ponda(Pond].MaxPlow; 

end 
el•• if x <• 1t2 then 

begin 
DayData(Pond].OUtPlow :• O.O; 

end 
el.. if PiratDay then 

begin 
DayData[Pond).OUtPlow :• Ponda[Pond].MaxPlow * 0.10; 
PiratDay :• PALSB; 
controlValue :• o.o 

end 
el•• 

begin 
if PreviouaMcJ > x then 

begin { Decreasing Mg weight percent } 
if x < cp then 

begin 
DayData(Pond].OUtl'low :• (Previou.OUtl'low+ControlValue) * 0.9; 

end 
els• if x > cp then 

begin 
DayData(Pond).OUtl'low :• Previou.OUtl'low; 

end1 
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end 
•lH if PreviouaMg < x then { Incr .. dng Mg weight percent } 

begin 
if x > Cp then 

begin 
DayData[Pond).OutFlow :• (Previou.OUtFlow+ControlValue) • 1.1; 

end 
~1•• it x < Cp then 

begin 

end; 

DayData(Pond).OUtFlow :• Previou.OUtFlow; 
end; 

end; { End of the decision tree. } 
if DayData[Pond).OUtFlow > Ponda(Pond).MaxPlow then 

begin 
DayData[Pond).OUtFlow :• Ponda[Pond).MaXFlow; 

end 
•l•• if DayData(Pond).OUtFlow < o.o then 

begin 
DayData[Pond).OutFlow :• 0.0; 

end; 
PreviouaMg :• x; 
Previou.OUtFlow :• DayData(Pond).OutFlow; 

end; { LaatPondPlowOut } 

procedure Adju•tl.ev•l; 

var 

{ Procedure Adjuatl.ev•l determine• th• flow from the pond feeding the 
current pond to ccme clo• .. t to th• target depth. It cannot exceed 
the aaxiaua flow fro. th• pond feeding th• current pond. After the 
procedure deterJl!nn th• required flow it ~lculate. the n.w concen­
trationa and depth. Tb ... valuu are ••t for th• current pond and 
th• flow ia .. t for th• pond feeding th• current pond. •ote that the 
local variabl.. for procedure Balanl!• are global for AdjuU..Vel and 
th• progr- BlMmcModel global variable• are known in AdjuatLevel. } 

depth : REAL; 

begin 

end; 

Ponda[Pond).Depth :• Tf I (Denaity(Mgf) • 
{ AdjuatLevel } 

Ponda[Pond).Area • 100.0); {current depth in cm. } 
if Ponda[Pond].D•pth <• Ponda[Pond).Targ•tDepth then 

Tin :• (Ponda[Pond).TargetDeptb - Ponda(Pond).Depth) • 
Pond•[Pond).Area • 100.0 • Den•ity(Mgin); 

if Tin> Ponda[Pond-1).Maxrlow then 
Tin :• Ponda[Pond-1).Maxrlow; 

Kf :• (Kf* Tf + Kin • Tin) / (Tf + Tin); { Mix the Plowa. } 
•af :• C•af*Tf + •ain•Tin) I (Tf + Tin); 
Mgf :• (Mgf*Tf + Mgin*Tin) I (Tf + Tin); 
Clf :• (Clf*Tf + Clin•Tin) I (Tf + Tin); 
804f :• (SO'f*Tf + SO'in*Tin) I (Tf + Tin); 
Tf :• Tf + Tin; 
it Ponda[Pond).Depth < 0.5 then 

begin 
gotoxy (10, 20); 
writeln ('Tb• depth of pond ',Ponda[Pond).• ... ,' i• ', 

Ponda(Pond).Depth:5:2,' ca.'); 
gotoxy (10, 21); 
writeln ('Thi• •Y indicate ',Ponde(Pond].• ... ,' i• drying up.'); 
gotoxy (10, 22); 
writeln ('Pond ',Ponda(Pond) ..... ,' uy not be getting enough ', 

'brine from ',Ponda(Pond - 1).S ... ,'.'); 
gotoxy (10, 23); 
writeln ('PleaM cbeck the Mu:illWI outflow par ... t•r of pond', 

Pond•[Pond - 11.•-·' in ',tnru ..... ,, 
WaitPorlnter; 
for 1 :• O to l do 

begin 

end; 

gotoxy (10, 20+i); 
clreol; 

end; 

{ AdjuatJ.evel } 
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begin { BalancePond > 

if Pond • LaatPond then { First get the flow out of the laat pond. ) 
begin 

LaatPondFlawOut; 
ltr :• Ponda[LastPond].K; 
Mar :• Ponda(IAstPond].Ra; 
Mgr :• Pond•(IAstPond).Mg; 
Clr :• Ponda(LastPond).Cl; 
S<Mr :• Ponda[LastPond).S04; 

end; 

Tin :• O.O; { Initialize th• pond flowa to balance nomenclature. ) 
Kin :• Ponds[Pond-1).K; 
Rain :• Ponda[Pond-1).Ra; 
Mgin :• Ponda[Pond-1).Mg; 
ClJn :• Ponda[Pond-1).Cl; 
S<Min:• Ponda[Pond-1].S04; 
Tout :• DayData(Pond).OUtFlow; 
Tb :• Ponda[Pond).Inventory; 
Kl> :• Ponda[Pond).K; 
Rab :• Ponda[Pond].Ra; 
Mgb :• Ponda(Pond].Mg; 
Clb :• Ponda[Pond].Cl; 
S04b :• Ponda[Pond].S<M; 
Tr :• DayData[LaatPond].OUtFlow * Ponda[Pond].Recycle; 
v :• Ponda[Pond] .Area * Bvap; 

Calculat9&11Iona :• fal .. ; 
{ Generatea th• firat gu .. • for the •alt deposit. ) 
Tf :• Tb + Tr - v - Tout; { MaH Balance } 

{ Ra Balance } 
{ Mg Balance } 

Ch• calculate• Raf froa Mgf } 

Rae :• ((Tb - Tout) * Rab+ Tr * Rar) I Tf; 
Mgf :• ((Tb - Tout) * Mgb + Tr *Mgr) 7 Tf; 
Cb .. (Mgf); { 
Deltal :• Rae - Raf; 
Saltcl :• Tf * Deltal I 39.34; { A firat estimate of th• deposit. } 
Tf :• Tb + Tr - V - Tout - Saltcl; 
Rae :• ((Tb - Tout) * Rab+ Tr * Rar - Saltcl * 39.34) / Tf; 
Mgf :• ((Tb - Tout) * Mgb +Tr *Mgr) I Tf; 
Cb .. (Mgf); 
Deltal :• Rac - Raf; 
Saltc2 :• Saltcl • 1.1; { Th• initial second .. tiJlate i• a 10\ incr .. ae.} 
i :• O; 
repeat 

begin 
Tf :• Tb + Tr - w - Tout - 8altc2; 
Rae :• ((Tb - Tout) •Rab +Tr• Sar - Saltc2 * 39.3') / Tf; 
Mgf :• ((Tb - Tout) • lf9b + Tr • Mgr) I Tf; 
Chem (Mgf); 
Delta2 :• •ac - Raf; 
if aba(U.lta2) > tol then { 8eginni119 of Wegatien acceleration. } 

begin 
Slope :• (Deltal - Delta2) I (Saltcl - 8altc2); 
Intercept :• Delta2 - Slope • 8altc2; 
laltcl :• 8altc2; { Update the Htimate and value. ) 
Deltal :• Delta2; 
if aba(•lope) < tol2 then 
~in 

Saltc2 :• aba(laltc2) * 1.5; 
•nd 

.1 .. 

end; 

begin 
Saltc2 :• -Intercept I Slope; 

end; 

inc(i); 
end; 

until (ab•C•ac - •af) <• tol) or (1 > 11meiterationa); 
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i! i > iaaxiterationa then 
begin 
gotoxy ( 10, 20) ; 
writeln ('Maxiaua iteration. exceeded. '); 
VaitPorlnter; 

end; 
8altc :• Saltc2; 
i! Salte < 0.0 then { Control how much salt can be diaaolved. } 

begin 
Salte:• Salte• Ponda(Pond].SDFact; 
Tf :• Tb + T~ - W - Tout - Salte; 
Mqf :• ((Tb - Tout) • Mqb +Tr •Mgr) I Tf; 
CalculateAlliona :• true; 
Cb- (Mqf); 

end 
el•• 

begin 
CalculateAlliona :• true; 
Cb• (Mqf); 

end; 
Adjuatl.evel; 
with DayData(Pond] do { Keep the daily flow record. } 

begin 
Beginninginventory :• Tb; 
MqO :• Mqb; 
RaO :• •ab; 
Endinginventory :• Tf; 
Mql :• Mqf; 
Ral :• lfaf; 
InFlaw :• Tin; 
Mql :• Mqin; 
Ral :• Rain; 
Recycle :• Tr; 
Mq2 :• Mgr; 
Ra2 :• Kar; 
OutPlow :• Tout; 
Evaporation :• V; 
SaltDepoait :• Salte; 

end; 
DayData[Pond-1).0utPlow :•Tin; 
with MontbData[Pond) do 

begin 
DailyDepthSua :• DailyDepthSua + Ponda(Pond].Depth; 
DailyOutFlowSua :• DailyOutFlowSua + Tout; 
DailyMgSua :• DailyMgSua + Mqf; 
DailySaltDepoaitSua :• DailySaltDepo8itS1111 + 8altc; 

end; 
with Ponda[Pond) do { Reaet the Pond• array to the calculated valuea. > 

begin 
Inventory :• Tf; 
It :• ltf; 
la :• •af; 
Mg :• t19f; 
Cl :• Clf; so• :• SOU; 
Depth :• Inventory I (Denaity(t19) * Area * 100.0); 

end; 
end; { BalancePond > 

procedure Monthly&umuryPrint; 
{ Thia procedure writea the monthly ·~ to the out file. Th• procedure 

u ... the MonthData array to print the output. The MonthData array i• 
zeroed at the end of each 110ntb. } 
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var 

I 

S&ltDepo8itTotal, 1'etDepoait RDI.; 

begin { MonthlyS~rint } 
writeln (OUU'ile); 
it Month • 1 then 

begin 
writeln (OUU'ile,'Yeer • •,rear:2,• Month• ',Monthll ..... [Month), 

•Beginning Day• •,a.ginningDay, 
•Daya Run Thi• Month• ',DayaRun:2); 

end 
else 

begin 
writeln (OUtFile, •rear • ',rear:2, • Month • • ,Montb1' ..... [Month), 

•Beginning Day• ',BeginningDay-KonthDaya[Month-1, 2], 
• Daya Run Thia Month • • , Day.Run: 2) ; 

end; 
writeln (OUU'ile, 
• Average Average Average'); 
vriteln (OUtl'ile, 
• Daily Daily Daily Ending Ending 
vriteln (OUtl'ile, 

Salt'); 

'Pond Depth Flow Mg ' Depth Mg ' 
vriteln (OUtl'il•, 

Depo8it'); , ____________________________ _ 
-------'); 

SaltDepo8itTotal :• 0.0; 
••tDepoait :• 0.0; 
tor Pond :• 1 to Laatpond do 

begin 

end; 

with MonthData[Pond] do 

end; 

begin 
writeln (OUtl'il•, 
Ponda[Pond].8 ... ,' ',(DailyDepthSua I DayaRun):5:1.' 
round(DailyOutl'lav&ua I DayaRun):6,' ', 

, 
I 

(DailyMgSUll I Dayallun):5:2,' ', 
Ponda[Pond).Depth:5:1,• ', 
Ponda(Pond).Mg:5:2,' ',round(DailySaltDepoait8ua):7); 
8altDepoaitTotal :• SaltDepoaitTotal + DailySaltDepoaitSua; 
if upca .. (Ponda[Pond).8 ... (1)) • '8' then 

begin 
SetDepoait :• RetDepoait + DailySaltDepoaitSua; 

end; 
end; { with MonthData loop } 

writeln (OUtl'ile,' 
{ tor Pond loop } 

Total Monthly &alt Depoait • ' 

round(8altDepoaitTotal):8); 
writeln (OUtl'ile,' lla%vutabl• Salt Depoait • ' 

round(letDepoait):8); 
writeln (OUtl'ile, 

'---------------------------------------------------------------'); { MonthlY81DlllArYPrint } 

procedure YearlyS~rint; 
{ Thi• procedure writ .. th• yearly depoait atatiatica to the OUtfile. 

The procedure ua .. the YearData record array. } 
var 

Pond'fotal, MontbTotal, MontbTotallret, Montbdotallua, MonthaTotalSUllllet 
: RIAL; 

begin { YearlySu...aryPrint } 
writeln (OUtl'ile); 
writeln (OUtl'ile, ·s~ of year ',Year); 
writeln (OUtJ'ile,'Montba Calculated• ',MontblraMa[leginMontbJ,' to ' 

Monthlr .... [lndllonth)); 
writeln (OUtJ'ile,' Depoeit in tbouaand• of tona.'); 
writeln (OUtl'ile,' Jan reb Mar Apr May Jun Jly Aug Sep ', 

'OCt IOY Dec Tot I); 

writela (Outrlle,'tond ------------------------------------------------', 
'-------------------'); 
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for Pond :• 1 to LaetPond do 
begin 

vrite (OUtFil•, Poada[Pond] • ._,, '); 
PondTot.al :• o.o; 
for Month :• 1 to 12 do 

begin 
vrite (OUtFile, (Y.arl>aU( Month, Pond)/1000.0):5:0); 
PoadTot.al :• Pond'fot.al + (Y.arl>at.a( Month, Pond)/1000.0); 

end; { end of the -th loop } 
vriteln (OUtFil•, Poac1Tot.al:7:0); 

•d; { end of the Pond loop } 
writeln (OUtFile,•-----------------------------------------------------·, 

·-------------------'); vrit• (OUtFil•,'Tot.al'); 
Mc.nthaTot.alSua :• o.o; 
for Month :• l to 12 do 

begin 
MontbTot.al :• o.o; 
MontbTot.alll•t :• 0.0; 
for Pond :• 1 to LaatPond do 

begin 
llontbTot.al :• llonthTot.al + (Y.arDat.a( Month, Pond)/1000.0); 
if Upc:aM(Ponda(Pond] -•-(l]) • 'B' th• 

begin 
McmtbTotalSet :• MonthTot.alllet + (YearDat.a[ Month, Pond)/1000.0); 

9nd: 
9nd; { 9nd of tbe pond loop } 

write (OUtFile, Montb'fotal:5:0); 
MontbaTotalSua :• MontbaTot.alSua + MontbTot.al; 
MontbaTot.alSUllllet :• MontbaTotalSallet + Month'?otalS•t; 

end; { end of th• montba loop } 
writeln (OUtFil•, MontbaTotalSua:7:0); 
write (OUtFil•, '•et '); 
MonthaTotalSUllll•t :• o.o; 
for Month :• l to 12 do 

begin 
MonthTotalSet :• 0.0; 
for Pond :• l to LaatPond do 

begin 
if upcue(Ponda(PondJ ·•-£1)) • •e• th• 

begin 
MontbTot.alSet :• MontbTotalSet + (Yurl>ata[ Month, Pond)/1000.0); 

end; 
•nd; { end of the pond ?.oop ) 

write (OUtFile, MontbTot.alSet:5:0); 
Montba'fot.allallet :• Montba'?otalSUllllet + MontbTotalSet; 

•nd; { end of tu 80Dtba loop } 
writeln (OUtFil•, MontbaTot.alSUllllet:7:0); 

9nd; { YearlyS~rint ) 

begin 
GSLllMder; 
Cp :• 3.0; 

{ llMGModel } 
{ Clear tu acreen and diaplay th• QSL e .. c1er. } 

{ Set the •~ing control point. } 
Cpl•1199 :• 0.1; 
lvapebalMJed :• PALSS; 
CoatrolCbangect :• PAI.SS; 
-...ctril• :• true; 
Input; 
SbowData ; 
Gedtarteoadi tiou; 

{ •ow get all 

uaign (OUtrile, Oatril .. ._); 
rwrite (OUtrile); 

tu inforaation to run the llOdel. > 
{ Pir•t tbe pond •Y•tem. ) 

{ Scbo/contira tbe pond •Y•tem. } 
{ Get tbe •~iDCJ condition•. } 
( <>pea tbe fil•(•) tor output. } 

writeln (OUtrile,'Sl Mme Model I~ Pile•• + OUtril.S- +•••); 
if SVapCban9ed tben 

writeln (OUtlile,'SVaporation data WH changed for tbh run.'); 
if ControlCll.Uged tbm 

writeln (OUtrile, 'Control data waa cbaft9ed for tbi• run.'); 
writeln (OUtrile,'SVaporatioa factor i• ',SVapPactr5rl, 

'Precioitation factor 1a '.PrecipPact:5r3); 
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); 

1! a.l.ucePrint ehen 
begin 

uaign (BUC>atPile, BalOutPil .. _); 
rwrite (lalOutPUe); 
writeln (BUOUt.File,'11 Mme Material a.lance File•• +a.lout.FU .. _+••• 

end; 
Maathallwl :• O; { Th• calculatioaal part ofth• progr- begina here. 
Fira~y :• true; 
Year :• l; 
vtlil• Year <• •ua.rottean do { Loop through eh• y.a.ra. } 

begin 
ZeroYearData; 
clracr; { Thia .. ta up a diaplay to allow vllere th• calculations are. } 
gotoxy ( 12. 6); 
write(' Calculating Year: ',Year); 
gotoxy (12. 7); 
vrite (' cal~ulating Day: '); 
gotoxy (12, 8); 
vrite (, calculating Pond: • ) ; 
1! (( •umberOfMontba .. Month - Moathaltml) >• 12) then ~ 

begin { The lut mxlth for th• current y.ar. } 
EndMonth :• 12; 

end 
.1 .. 

begin 
BodMclath :• •umbu<>tMoatba .. Month - Moatbaltwl - l; 

end; 
Beginllonth : • Month; 
vllil• Month <• Bndllonth do { Loop through th• montha. } 

begin 
ZercllOntbData; 
begiDDiDgl)ay :• Day; 
DaplluD :• O; 

while Day<• Montba[Month).Lu~y do { Loop tbrOWJh the daya. } 
begin 

Z.oDayData; 
•tr (Day - Mont!la[Month).Pir•~Y + l, DiaplayDay); 
gotoxy (30, 7); 
writ• (' ' + Montba[Moath).9- + • ' + DiaplayDay); 
clreol; 

for Pond :• LutPODd downto l do { Loop thrOWJh the ponds. } 
begin 

gotoxy (30, 8); 
write ( • • • Poada[PODd) ·•->; 
BalancePond; 

end; { Bnd of the pond loop. } 
it 8.alancePrint then MaterialBalancePrint; 
inc:(Day); 
inc ( Daydua); 

end; { Ind of the daya loop. } 
Monthly&umuyPrint; 
for Pond :• 1 to LutPODd do 

begin 
YeuData[Month, Pond] :• MoathData[Pond).Daily&altDepa.it.Sua; 

end; 
Day :• Montba[Moath • 1) .firetDay; 
LaatllDDth :• Month; 
iac(Moathdan, 1); 
iac(Moath, 1); 

end; { Ind of the moatba loop. } 

{ At the end of e.eb year display tile pond atatiatica 
tbea write the atatistic• to a file. } 

lndMontb :• Montb - 1; 
if Year <• •abe:COtrears then Yeulyl~rint; 

Moatb :• 1; 
Day :• 1; 
inc(Year, 1); 

DD; { Ind of the years loop. > 
cloM( outPil•); 
if balancePrint then cloM (laloutPile); 
WritelndiftiConditionaJ'ile; 
clracr; 

DD.; ( llMnModel } 
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APPENDIX E 

Borg el Arab Run 

6 Years Starting with Sea Brine 
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:lR'./ 1 '.2'J - .3 7063 0 .19 
HAR2 2 :j. 7 0 0.21 
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Salt 
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o . .:.a 
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o.~2 

0 . .24 
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·.) 
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Year = l Month = April Beginning 
Average Average Hver~ge 

Day = l Days Run fnis Month = 

Dailv Daily Dailv 
c~nd Oeoth Flow Mg % 

i.JNr.H 49. ~ ::e«)90 0.19 
PND2 48.9 20533 0. 2.l. 
HRVl ' ') 0 10.~2 '. •). 25 
rlAR: - 'I. 5 U.29 
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1)epth 

'50. r) 
so.o 
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l'd .i. l , 
: L ·.JW 
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G.:!C:tJ51 t 

') 

:',j 

·j 

0 
--------------------------------------------~------------------

Year :; l Montn :; Jul'•' 
~-··=r.3-:::ie :ive r .l'Je 
C•.ai lv C•a.1. ly 

":> !1•.::I C•eo th F l•"JW 

Be-:::n nn i '"'9 
~v<:!r-:tqe 

uai.lv 
Mg ,, 

" 

Ending 
Oeoth 

-----------------------------
~NDl ..i ·~ • ·.: -lll-l4 f). ·~ 7 50. •) 
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Gaily Daily Dailj Ending Ending Sa.l.t 

~nn~ n~orh Flow Mq % Depth Mg~ Deposit 
-----------------·-----------
i-JNOl 49.2 40128 0 ·")q _,_ 
PND2 48.a 22q53 0.41 
riRVl 29.0 11806 0.62 
HAR2 29.5 0 l. 11 
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Total 
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50.0 
:o. t) 

.:;o.o 
1'1on t:.h l y ~alt 
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Month = Ciacemoer Begin.-..ng l>ay = 
A·.;"'!r.~Qe Averaqe .=tverage 
Dai.Ly Daily Daily E11ding 
rieoth ~low Mg % Depth 
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~ ~:.: !. .1~: 

'"' -~ :, 

·). 7~ ·.J..., 
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·.). -7 
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PNDl ~q •. •j 8758 0 .. 33 so.o 0 . .34 
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H~o-- ::- . q 0 1.93 30.0 1.96 
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.._ ... -· i 

'.) . ·.: -l 
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!'.J t .J l. 
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.... ": .... -· - ~~ 
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":JNOl 
PND2 
,mv l 
HAR.2 

= M~nth : February Beginning Day = 
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.;l.'=I. -'~ C·l.J3 
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1'). ~4 ·:.0. 0 
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.' -· 

.) 
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.') 

2569 
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Ending 
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50.0 
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. ·) .. .::~ 
.) . :i3 
r). ,;_:; 

: . 5.3 
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j - 41 

L _;;.:; _;.) _,; t _,;.3 
:.:. - 6 .,. ~l) • <J -~ l 

Tt;til :1onthL' .-:..1.:..::. ~-=0··;3i.r:: 

.::,,.?r-:l•Je 
':/a.1 1 \,' 
·'1·~ -', 

'). H 

l. .C4 
2. 74 

:::·,.j i.n; 
:)-:o U' 

·::-,) .. :.:. 
50.J 
.::o .. j 
..:.o.o 

r.:it;..;;tl '1onthL : . .:d: t.:;e;o1J5i.t 

Ha·~est~bi3 Sait 0e~os1t : 

= :'1onth = October Beq11in1n'.~ 

,;.:,,,.er::>·~-= Avar 1qe Av'3!"'·'l·:1"= 
Ca1lv D31l, Dallv 
D~pLn ~low Mq ·~ 

0.41 
0.6S 
t - :,)~ 

[Jodl ng E.n<j i. n•J 
Oep t:. h r1.., -f~ 

~0.0 

S0.u 
0.41 
0.~c. 

1. 06 

.,J'l ~ 

49.3 
:9.4 
:9.7 

l~.320 

·:. 161 
0 :.b4 ~0.0 :.77 

Total Monthl·' Salt Oeoosit : 
Harvestao1~ Sdlt Deposit = 

--~.~ ....... : 

4 ~ •• 

-·· =·;. .. 

:Cd i t 

' ,· 

:; 

• .: J.:: 
:-ea9..: 

::..alt 
')dlJ(J ~.I. t 

:) 

475'J4 
475q4 
47594 

- -· 
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: ·:.) \:· 
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. ·=.:.:·: =:..: .. -. .; ... 

G -~ ·. z; ;..: · ... r: ~ ~ ::.. : "W, .J : 1 : !'-. 

~v~r~~e Aver3~e ~~~r~~a 

Q3£ly _·ClLl·~, L'·l:.·,, 
c.J r.11 C•eG t .1 F l ·Jw ,'1·~ :, 

.''l"Wl 
:'"11>j[;~ 

: ~ i; '! !. 

rl ;.~.: 

r:,. - 4: 
0 .. :,.3 
l - i4 

~ ;::j l ! ·,·J 

L°'•~P t:r1 

:.o.o 
':>(). 0 
?.:O.i") 

:o.o 

E _,~;. "·] 
i"'·~ ;; 

.) . .+: 
C•. ~?-
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L .. L •-:, 

rJtdl Mont~l~ ~alt Oeoosit 
HarJestable Salt Deoosit 

~wrnmarv ~f ~e3r ~ 

'1<:,, i- h--3 . • .1l0: •_ll "t.ed = J l nu .11 , to uec<:!mbe r 
~e~osit in thousands 0f tons. 

Jan F9b ~ar ~pr May Jyn Jly Au~ 

.J 
0 

~.355 

l 7"-3 :'8 
17078 

P0~d -------------------------------------------------------------------
PNDl 
,:..N02 
:-1Rv1 
J.J~R: 

T,:;, ta! 
Net 

Y~ar = 

,:>and 

Prm1 
PN02 
HRVl 
HAR'." 

6 
6 

,. ,_. 

15 

13 
ta 

0 
·') 

l~ 

4o 

•) 

f) 

3 
65 

73 
73 

!) 

0 
7 _, 

a1 

84 
84 

0 

87 
:;jl 

0 
0 
7 

88 

0 
0 
<) 

84 

84 
84 

f) 

0 . 
I 

67 

74 
:'4 

1.) 

0 
<) 

48 

48 
48 

2 
~l 

34 
2:4 

13 
1:) 

4 Month = January Beg1~n1ng Da~ = l Days Run This Month = 31 
Average Averaqe Aver~ge 

Daily Daily Daily Ending 
Depth O~pth Flow Mg % 

49.·~ 

4q_9 
~q .·~ 

~0.0 

3595 
~476 

471 
11 

• 

0.42 
0.6~ 

1 .19 

so.o 
50.0 
30.0 

z.qq ~o.o 

· :; tal "'ant~:. Salt 
~arvdstac~a Salt 

Ending 
Mq ·->;, 

0.42 
0.69 
l.21 
3.00 

Deposit .: 
Deposit = 

::.alt 
:)epos1 t 

I) 

0 
8460 
369J 

. ~. 53 
.1. ... .;.53 

'.i 

<. 
5c 

62.+ 
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- ... ;,,..~.-

::;1c 1 :-h.; 

·-1] · .. 

; -. ' L • -1> 

:- .. 7 
...; -· .... 

r J !'; ~ L '"1 1:0 ;"1 tr. ~ - . ~ "t L t ·~ ep.·:: ~ t ': 

~a~~es~~~.~ ~a1- ~~pos1~ 

. ::-: . : ~ 

:; i ' f 

- : .:. - t - ··~- -

.l :'1:.'1th = '13:.=r• =-=·~1..;-.-.~·1..i ~"a.,= 1 Uay·:;. Run 'h~:: Morit:·1 = ..:..i. 

:--J~ .· ~·1-~ :~ ... ,.-= 1 .l·~e ~--, ~ r ~-~-=: 

C.·.l.i. ~,. 

_,-:.1.j )~~·th 

:"NO t -Vil -= -
or~c:: .i .; :, 

.~R.,: l ..2') - .t 

HAR:: :.'~ .l· 

:1.3. .L l ;:" 
o;~~w 

- ~ 7 -. 
- -·I ~--
.l4q~ 

- ' ..... 
-~ti, .... ·~ - ~' .... .... 

[ Gl .L.y 

M·.J \ 

l) -12 
0 -""' j 

l . :.:~ 
' )~~ _, 

i·Jt:.d L 

t.nrj.i_ P·::! 

·-'~Pth 

:•) _;j 

") - ' - . 
~\) ... 

• J 

_:,,) ._, 

.·1on ti•: ·.y .:::a1 
Har·Je.:.tabie Sa..i. 

~J -l~ :) 
~ -:r:.,. ·~ . -. . -~ ..... 
~ -~' 

-· • ")C:, .. Oeoos1t 
t c.:i~oo·;.:. .. = .. s200·. 

- ~-:l i 1 Da\S Run This Mantn = 
4\,-e r· -:t':!e ~ve,. :l·~e Aver 3,~e 
~tilv ~~J..l~ Dali; t.rd!.ng 

r,;.ep t.:-1 

JMn t 4'.) .,. 
~: l -l4 0.-l"2 50.0 ' 

j:·?'.JC·~ 4.:?. ~ :3~:4 0.6q s0.0 
~R·; L ·.:9. 0 14573 l. 20 .rn.o 
i ;iR:: 2g_4 5'1':3 3.06 :,o.o 

f1J t..a l Mon ti'"'. l ·1 ·~31 t 
Harve·:;.tab.:.: Sa.!.. t 

;:nding 
Mg % 

<).42 
0.69 
l. 17 
3.04 

Deposit 
C.•eoosi t 

: 

: 

Sal. t 
0eposit 

5559 
68239 
7?;7'18 
73798 

·:·ear ; 4 Month = May Beginning Da·., : l DclYS Run This Month : 31 
~--,~ r 3•Je Aver.:ige 
Da:i. lv Daily 

·=-IJnd Depth ~low 

Avercl•Je 
Daily 
Mg "\ 

Ending 
Ciepth 

-------·---------------------
~NO l 4·~.:.:: -itS69 .J.42 so.o 
ON02 48.8 26372 0.68 50.0 
.. ?\/I ?8. ·~ t.'>760 l.15 ~o. •) 
HA~2 2q_3 6705 3.02 30.0 

T'1Jtal Monthly 33 l t 
Harvestab.a So. - :. 

Ending 
Mi~ ··~ 

0.42 
0.68 
l.13 
3.00 

Deposit 
Deposit 

= 
= 

Salt 
Deoosit 

!) 

0 
1629 

81751 
33381 
83381 

-·-· 
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~· - .:_. 7 
t - ~() 

E.nd1n9 
~·>:pt:. 

~0- -) 
~-00 sc.o 

fQtal Monthly Sdlt 
Harv~stable S~~t 

.. ~"" - '1-_,, .... --
1 - • ~::. _., •• : • 

E-1ci:-> ;i 
~·~ ··, 

L .0-:: 
3.J0 

c~~~o·51: : 
~-=c-o~ 1 ': = 

0 

L l-:. .J. 

.l:-:8 
-:i::-:-:a 

- - -- - - - - - -- - - - - - -- - . - - - - - - - - - -- - - - - - - - - - - - -- - - - - - - - - - - ·- - - - - - - - - -

-~ "':l r .:. 

~':~r:t<:;e .:,-.. -~~ -"·J-3 .--=t."~r--.l<~e 

C-~llv ~dilj Ca1lv 
-~· -I n.1 . ....: r_,: i\ · i. .~w ·.-,,:} ":; 

End1r.g 
O~pth 

Ending 
Mg ~ 

:·~c: 

::.'r~c·-: 

iRV 1 
HHK:: 

•O -~'L.' •I 

23.3 

·c:'3;­
~ ~ 4r.:il-

;. 7t: ~ 
62 1JS 

) . .a: 
(). 6 7 
1... :)9 
;,_oo 

30.·) 
50.~ 

~o. 'J 
30.0 

l - •)8 
3 .·J<.) 

~-Jt3l Monthly Salt Deposit = 
harvestable Salt Deoos1c = 

.) 

:.. 
3.30 

384Ll 
_3q:!4l 
aq241 

Y~ar = 4 Month = September Beginning Day = 1 Days Run This Month = 30 
Averdqe Aver3ge Averaqe 
Oailv Dai!v Dailv Ending Ending ~dlt 

Jon.j !)epth F luw Mq -~ Gepth Mg 'l; C·~P<.JS.1. t 

CNI) ~ 

PN02 
liRV J 
HAR2 

.1~ - ~ 
42.~ 

~~-0 

:9.4 

.:;6855 
22827 
L.?:900 
S0.3~ 

.. 

0.42 
0.67 

50.0 
50.0 

1.09 ~0.0 

3.00 30.0 
r~tal Monthly Salt 

Harvestable Salt 

0.42 
0.67 
l.09 
3.00 

Deposit = 
Deposit = 

0 
0 

~1·J3 

69693 
71886 
71886 
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Ceo r:h 

:.JNO l 
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4- ·-; • ·::J 
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L·3 l.: S 
l :.) ··:;q 

-=>ls: 
..::. ~8 

• I .. - -.. 

~-~ - ) -~ ~ =-·-· . -· 
..:~; - ·) 

· ..... v..:. . . ... 
~ - J..-

:.oo 30.0 3.00 
r~cal Mcnthlv Salt Gep0s1t = 

' - :. "',J. 

- ·.;I. - ... 

- .I - -

~ :,c: .-_ . 
:: 

) 

"7""' ;;,- ..... 
.JV-• :>4-

:~~--; l 
348'=ll. 

Y~Ar = 4 ~onth = ~ecember 9e]1~n1ng Day = l Da/S Ru~ Thi3 ~an:~ = ~l 

A·.1er·A·:ie ..:.-. .. er.loe ~·..1ar3qe 

Daily Da1lf Dai1; Ending Ena1ng ~aL~ 
~snd Oeoth =1ow Mg ~ Oepth Mg ~ ~eoos1t 

44~~ 

1. --11~8 

0.4: 
() t,3 
l. l..~ 

·:.o .. J 
~Ci ... ) 
- '"'\ ,~ 

_,.,_,: • I} 

.) . ...s.: 
0 _::,q 

l. - 15 

.='!'ID! 
~NG:.: 

;-iR •i ~ 

HAR: 

49 7 

2':) .8 
:~.q ~-~8 30.0 :.q~ 

r0tal Monthly Salt )~posit = 
Harve~~able Salt ~soosit = 

'='.t;nima r" ct .. 1ea r 4 

Mnnths Calcul~ted : January to 
G~~osit 1n t~ousands rf tons. 

Pon,j 
PNOl 
PN02 
rfR'l l 
HAR2 

Jan ~~b Mar Apr May 

') 

0 
3 
4 

t) 

0 
~ 

13 

0 
0 
3 

44 

0 
0 
6 

68 

0 
0 
..., -

8:! 

OecemOel"' 

J•Jn J Ly 

•) 

0 
1) 

0 
l 

88 91 

Auq 

0 
0 
I ... 

88 

~ep 

0 
0 
. ., ... 

70 

Oct 

0 
0 

rot.al 12 
'i: 

...,..., ...... 
... -
.:.. -

52 
52 

74 
74 

83 
33 

~l 

93 
89 
89 

72 
72 

51 
51 

.. 

') 

_. 

5 7(i2 
":)is..; 

L~S55 

L485S 

0 
0 
4 

31 

35 
35 

I) 

0 
6 
9 

.LS 
15 

·) 

:i 

~98 

38 



I 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
i 
I 
I 
l 

:,;3i_~·. 

_)::,...·.1 ')eot:--: 

:._-;.-~ 

4~. ·~ 

.;t ·':' ?. 
-_'•-l ~ 

3C :. 

~· ;i l : y 

-=~: ... 
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: -; s--~ 
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. ., 

- - - :t • 

E..n<j.!..i"ie; 

::~pth 

~:(; - ) 

3.. : -

E ,,d !. ;· •. -; 
l"!·;i -> 

: . ~ .-
..J • -· 

l - : ~ : . ~= 
i:; C..i l ·"'·J~ t:n ~ 'f ~di. I'"_ GeO•JS l. t 

!-i.:,t-·-=-~table :al:: C•ee>o-5it = 

r~J• = :: MGntn ::. i=~t>ruar 7 ::ie·~l-.. Hl~'":i :_.,,.,, .: ! )3y5 R1_;n 

:Ov-:!'"·.i·Je .:.· .. ~r .l·.;e ~"'=' :i·;e 

::·:ii.Ly 
.=-sn·J ~co th 

~NDl 4 y - .3 
PND~ 4'7.7 
·rnv t _,.. ·""' 

- - - ''l 

l-fAR2 :2':). 9 

Oa1 i. :i 
~ l •.JIH 

: -')84 l 
so-;~ 

2365 
026 

[;a.1. l ·y­

M-:i :; 

1:-. ·L2 
J. 7r· ,,, 
1 .21 
~'. ·=·1 

fG t l l 

t.nd.ir•g 
1:--:c ti1 

5•) .0 
:JO.O 
.:::11 .0 
~::J . f) 

Mcnthl ·1 ~.3 t t 
Ha ,--,,-es tao !.s ~.alt 

En·-=.l. ng 
;"!<::_! -·~ 

0.-13 

·=· - 7C-
l ~7 

-'-- _, 

_, . J: 
~)epas it 
Depo3it = 

112::~ 

. -l ' 1-:. 
l.:278C:· 
.::_:5,) ~ 

,...,,.,,... ,,. , 
-"-=>'.)• 

·,·-"'-:s r = 5 Month = March eeg1nning Uay = l Davs Run Th1~ l'10nth = 31 
av~rlae ~ver~ge 

Dail "t Dai 1 y 
.'.'0nd Ceo th r=-tow 

=NO!. 49.5 2~747 

PNC•2 49.3 1451: 
'i p I/ 1 ;:?<l .4 '3586 
:-iAR2 29.S 31 St> 

~veraqe 

DdllY 
i1q ';; 

) . 4 ~ 

0 - 70 
l ., 7 

• '- J 

7 ('\C 
- . .J.J 

T<Jt-3 l 

Ending 
Deptn 

so.o 
30.0 
30.0 
30.0 

Monthly S3lt 
Har-feStcib!e Salt 

Ending 
Mg % 

0.4~ 

0.70 
l .. ,., 

·-'-

3.05 
Oeposit 
Der:-os1 t 

: 

Sal.t 
Deposit 

443~~ 

'5:2713 
5~713 

f~ar ~ 5 Month = April Beginning 
Av~r)ge Av~rage Average 

Day = l Days Run This Month = 

Gailv Gaily Daily 
'·1nii o~oth Flow Mg % 

Ending 
Depth 

011.01 4~. ~ 

l·'N02 48.9 
-iRV l 2·~. 1.) 

HAR~ 29.4 

?-71.36 
23~21 
14'32?, 
5858 

• 

0.43 
0.70 

so. 0 
~0.0 

l.20 ~0.0 

3.05 ?-0.0 
rotal ~onthly Salt 

Harvestable Salt 

Ending 
Mg "5 

0.42 
0.6g 
l. ! 7 
3.04 

Deposit = 
Deposit = 

Salt 
Oepc-sit 

:) 

0 
·'.:.51';)0 

68347 
; .. nos 
74goe 

30 
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\). 1: 
O.c2 
l 12 
3.00 

t.r'"'·.:t.&.;·1~ 

l:·-3!:; :: il 

:•; ... · •). 42 
0. ~·-3 
L • ~ L 
~.00 

fatal Monthly ~alt ~epos1t = 
Harvestable Salt Deposit = 

. 
J 

. ~\: ~ 

~l ··-: 

:.l -=·= :-

,, , 

2'l· • L 
3.3:..l.:, 
:) t:, _;4 
ql :,.:;..i 

Year = 5 Month = July 8eginn1ng Dav = 1 D3ys Run Th13 Month = ~l 
~~~r.iae Avsraqe ~verige 

Dai;-,.­
~'Jn•:! "•eot'1 

)ND l ..+'-i ~ 

<::lt-.JC;: 48.~ 

:1rtV l ""'•.J ~ 
.... ,.J .. ..... 

H.4R:' ")') .... . ~ 

l)d:. l y 
C' l.01111 

~S3•:, ~ 

23558 
17314 
6544 

o .. :u1-. ... · 
Mg '.; 

:) . ~2 
o.~e 

1.10 
3.00 

rotal 

End i. r._;; 
:.)ep th 

·:/). 0 
SO.J 
..;o. ·') 
:;o. o 

Mun tl1 l '1 s.i1 t 
Harvest.it. la 'Salt 

End in; 
1'19 ''.) 

0.42 
0.67 
l.10 
3.00 

Deposit. 
Deposit 

·-' 

.: 

= 

·tea· = 5 Month = August Beginning 
~ver~oe Average Average 

Day : l Days Run This Month : 3i 

PNDl 
PN02 
:;RV l 
1-'AR2 

Daily Daily Daily 
Oeot.h Flow Mg -~ 

49.~ 43844 0.42 
48.7 27562 0.67 
~8 .. 3 17170 l.09 
29 . .3 6:61 3.00 

r.::1ta 1 

Ending 
1)epth 

so.o 
50.0 
.30.0 
30.0 

Monthly 5,31 t 
Han1estat:>le Salt 

•• 

• 

Ending 
Mg '!5 

0.42 
O.o7 
l.09 
3.00 

Deposit 
Deposit 

= 
= 

:;a1t 
OepC'5lt 

() 

0 
1.360 

88410 
8'-H79 
8977Q 
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