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Dear Herb:
I apologize for the delay in getting these results to you.

As I explained te you on the phone, the SUL-FE could not be
evaluated by most af our conventional soil test because of the
highly acidic nature of SUL-FE. A saturated paste of the
material you submitted had a pH of 8.6 pH units. The acid
content was determined by mixing a known amount of SUL-FE with
water and titrating the acid mixture with standard Sodium
Hydroxide solution until all available acidity was neutralized.
Expressed in terms of 100% Sulfuric Acid, the SUL-FE displayed an
acid content of 6.3%Z. Obviously, addition of SUL~FE will have a
direct, immediate effect on an alkakine soil. Also, any
elemental sulfur present will have an additional effect as the
sulfur is oxidized to eventually form Sulfuric Acid.

Is SUL-FE acidic enough to be of value in Western soils with
a Calcium Carbonate content of 1 to 18% ? An acre-6" of soil
weighs approximately 1028 tons and therefore may contain 18 to 108
tons of “free lime". One ton of SUL-FE would contain 8.043 tons
(126 1bs.) of Sulfuric Acid which in turn neutralizes Calcium
Carbonate on essentially a one to one basis (49.@4 to 50.04%).
An application of one ton of SUL-FE to an acre of calcareous soil
would probably not have much effect on the pH of the soil. There
may be some positive effects for shallow-rooted crops. SUL~-FE
should be an excellent source of Iron. Properly designed and
conducted field trials shoud be conducted to establish the value
of SUL-FE as a soil amendment. :

I hope ‘these comments prove useful ta you.~

. Sinﬁerely yours,

Jerry B. Rivers
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Owner/Chemist
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SUL-FE

Over the years, SUL-FE has been marketed under several
brand names aimed at different market segments.

These names include SUL-FE , MOTHER EARTH SULPHURSOIL,
SULPHURSOIL, and ACID IRON PLUS. These various names

a1l refer to the same product, mined in Sulphurdale, Utah,

and have identical physical properties and chemical

compositions.

DELANO DEVELOPMENT CORPORATION; Sulphurdale, BEAVER, UTAH
84713
CLAIMS:
1. Refined sulphur is insoluble in water.
2. Pure sulphur when applied to the earth will take many months,
even years, to provide benefit to the crops as a nutrient
or a ph control product.

3. Producers product is soluble in water and results begln
as soon as applied and watered.

4., Visual resu]ts are evident w1th1n'3—10 days.

5. We will prove our product by on-site tests, side- by- -side
with pure sulphur in given plots with our product in a side plot.

6. Will show that you get much more for your money
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OYERYIEW OF TECHNICAL DATA -

A sizable amount of technical information has been accumulated on the
effects of agricultural applications of the natural mineral product called
Sul-Fe. This technical information supports the field observations of
farmers, landscapers and gardeners who have used the product.

‘Sul-Fe is often evaluated in terms of its sulphur content alone. When
compared to elemental sulphur (100% sulphur), the 18 to 21% sulphur
content of Sul-Fe seems relatively low. However, as the following
technical data indicates, when judged on actual effects, Sul-Fe's complex ~
mixture of minerals has several advantages over elemental sulphur. When
judged on the basis of soil acidulation, Sul-Fe has more immediate effects
than elemental sulphur. The rapid acidifying effect is due to Sul-Fe's
content of crystaline sulphuric acid. Sul-Fe also has long-term effects on
soil pH due to its content of sulphur and sulfides and the time required to

- oxidize these materials. Elemental sulphur contains sulphur in only one

chemical form which must be microbially oxidized before it becomes

reactive in the soil solution, a reaction that takes quite some time in
some soils. Sul-Fe is thus better than elemental sulphur in terms of
immediate effects and comparable in terms of long term effects. Applied
blends of Sul-Fe supplemented with elemental sulphur may provide fora
maximization of both short and long term effects. An additional benefit
derived from the use of Sul-Fe is the addition to the soil of a variety of
trace nutrients including iron, calcium, zmc copper, manganese

magnesmm and molybdenum .
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DELANO DEYILUPHENT CORPORATIOH
SUL-FE

* A naturally occurring mined ore,
* ApHEof 1.5-19.
* solubility greater than standard gypsum or elemental sulphur,

easy Lo handle, blend and aply.

=

gstedin four independent 1abs

and reported to contein:

Cobalt- 0.00E3
Phosphorus- 0.05%
Sodium- 0.05%
Hickle- 0.0073
Rubidium~ 0.002%
Strontium- 0.02%
Titenium- 0.02%
Zirconium- 0.03%

1 e

culphiur- elemental- 182
Sulphuric acid, dry- 1.53%
Iron &3 fron suiphate- 1.5%
lran- 1.92%

Copper- 0.031%

< Zingc- 00108

Caiclum- 42% .
Molgbdenum- 0.005%
itanganese- 0.0138 Chromium- 0.0023
r’:qnﬁ‘,sum 0.016% Yitrium- 0.005%
salicic scid, SIIH)4- 5% Arsenic- 0.0004F

Efiect on Soil:
* rapidly reacts in soil solution to reduce pH

* Incresses colion exchange by relzasing and replacing sodi.

* Incresses supply of available plant nutrients and trace ele
eddition of nutrients and by cresting a more favorable coi
nutrient uptake

® Reduces Lhe need for phosphorus Ivr'uhzatmn by increasi

availebility of phosphorus already in soil, but in an form
the plant

* |mproves physical properties of the soil

* Reduces surface crusting of soil

* Improves soil weater uplake thereby increasing irrigatior
reducing surface water runoff and resulting soil erosion

* Incresses effectiveness of salt leaching from the soil

= Effective in the reclaimation of alkaline, sodic end salit

Effect on Plant Growlh

* Promates growth in plants by favorable adjusiment of |

* Impreves survival of seedlings with improved soil wetl - |
reduction of specific sall toxicity effects

* |mpraves sulphur and iron qupplg to oeedhngs—- needed
growth :

* Uszeful in correcting lime-induced chlorosis

* Favors dark green color, chiorophyll synthesis ard higt
photesynthezis

< pepraves plant’s atnVt to talerste frost, insects g
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Documented Crop Yield Increases after Applitations
* Applications over e five yeer period on alfalfa in idaho initielly
increased yields by one-third while increasing protein by en average of
2%. Increases in many legume creps have been reparted presumably due
to a result of pH reduction which made the soil environment more
tavorabie for nitrogen-fizing organisms, which were then stimuiated by
the suiphur, iron, molybdenum and cobalt which are contained in Sul-Fe.
* Barley yields as-high a3 178 bushels per scre have been-recorded using
banded starter N and P and SO0 pounds per acre Sul-Fe preplant, mainly
~ @5 aresult of Sul-Fe's effect on stiffening the straw and reducing
fodging which limits harvesisble yield. This effect has been correlated
with the silicic acid content of Sul-Fe. Silicic acid, an acid form of
silice, has been shown to strengthen the cell walls of plants, making
them stiffer and harder. Stiff plant tissue resists lodging as well as
penetration by insects and disease.
* Increased yields in potstoes and beets as 8 rebu}t of Sul-Fe's beneﬁcwal
effect on soil structure:
=A "softer” soil enabled sugar beet growerc to harvest the whole beet
without breaking-off the tap root, thereby not leaving part of the
_crop in the field. Less soil clung to the beets, mesning 1ess soil
hauled and more beets. :
-Potato growers using Sul-Fe harvested'cleaner potatos which were
firmer and stored much better than potatos from untreated fields.
* Gardeners have reported earlier ripening of tomatos as well &s increased
tolerance to frost after Sul-Fe application
* Field tests at rates of 25 to 75 pounds of Sul-Fe per 1000 square feet
surface applied to Kentucky bluegrass showed improved coloration within
six days which persisted over one year from the date of application.
Surface treatment of turf with Sul-Fe also provided pre-emergent
control of several weed species, notable Poa annua and gooseqgrass,
probatly a result of the acidulation of the soil surface by the product
thus controlling the germination of these serious weeds.




Report from
Dr. Schmitz, Professor of Soil Science at Cal Poly, -
and Dr.Lund, Professor of Biology at UCLA .
December 30,1978 '

The soll used was a fleld soll from Cal Poly which causes the plants to suffer from “Iron Chlorosls” which 3lso has a high
Ph. In other words, It Is a soll which we have found to respond to additions of additives such as those we used In atest.ltisa
"tough" soll.

In other words, we took a soll which Is typlical of the problem solls that we encounter throughout the west. If we had
taken a soll'whichposed no problem for plants we would have gatten greater change In PH correction and Iron release,
but then it would not have proved anything because the soil presented no problem to start with.

The research conducted by the U.S. Covernment and the University have established that the ppm of DTPA extractable
Iron Is 2 rellable measure of the amount of voluble Iron In the solt which Is avallable to plants. The work was fargely done at
Colorado State University and they indicate that critical levels of DTPA Iron [s around 5-7 ppm Values fess than this would
Indicate a deficiency of Iron in the soil.

Our test soil had values of 2ppm DTPA iron in the soll.

~ in addition to making iron available in the sofl, the lowering of soil ph Is important and this information Is given in the
© table. .
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RESULTS
PH

The control so0il had a ph of 7.8 and this should be used as reference for comparison. -

Note that ph reduction was greater with the higher s% of products. This chart shows also, that if you use very high rates
of product, you can lower the soil pt very low. Bear In mind that this soll has a very high lime content and thus takes con- -
siderable acidity to neutralize this lime. Without any lime in the soi!, ph reductions are much greater.

The ferrous sulfate (Commercial product bought on the retail market) was no more effective in lowering soll ph than the
49.00% Mother Earth. The soil sulfur was not as effectlve In lowering the soit ph In the one month perlod as was 19.00%
Mother Earth.

fron Chelate Is not SUDDOSGd tO have any effect on soll ph and does not show any effect.
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{RON

The control soll contains 2ppm iron which is below the critical 5-7 ppm iron. The two lower grades of product, 2 .29% and
6.60% brought the lron above the control and just barely into the sufficiency range

The 10.76% product brought the Ironinto the adequate range.

The 15.64% and 19.00% product brought the iron well into the adequate range even at the rate of 25 Ib/1000 sq. ft.
(aT/ACre).

Higher application rates of product of the lower grades produced adequate Iron but rates may be uneconomlcal

One very important point to note in the speed of the Mother Earth compared to the soil sulfur. The Mother Earth pro-
duced Twice as much available ironin 10 days as did the soll sulfur. (99%$). Important in terms of practical applications for
contractors of landscape, plantings, etc.
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. CONCLUSIONS
1. All products produce Increases In soll avallable Iron and some lowering of soll ph.

2. The 19.00% Mother Earth product Is Just about as effective as commercial ferrous sulfate in providing iron In the soil. Cer-
tainly the amount of Iron released Is well ahove the critical level for ptant growth.

3. 251b/1000sq. ft. (4 T acre) of the three grades le; 10.76%, 15.64%, and 19.00% provided lron to the soit in adequate quan-
tities. The amount of lron provided Increased with lncreaslng % S in the product.

4. Fleld trials with the Mother Earth products correlate closely wlth the Iaboratorv results. The laboratory results give a
scientific basis to explain the field resuits.

5. Both ph correction and Iron supplementation can be achleved with product @ the 10.76% and above at economlcal

‘fleld rates of 25 Ib and 50 Ib/1000 square feet. o

6. Physlcal improvement of the soil was noted at the higher rates of acid/ lron
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RATES OF MOTHER EARTH MINERAL ADDED TO THE SOIL

=

v oot e e 7 e s s

< 0:29 71100g SOIL

SO

.

(0.19/100g SOl

0.1g/100g SOIL 2.0g /1009 SOIL 20.0g / 100g SOIL
ES ANCES 1|10 30 1 {10 |30 1 |10 30 1 {1w0] 30
DAY [DAYS|DAYS DAY |DAYS|DAYS DAY |DAYS|DAYS DAY |DAYS|DAYS
2.29% w {77177)| 77 77| 26| 755 77 | 77| 765 76 |76 {75 ~
MOTHEREARTH @ |77 (77|77 77|76 |78 7.65| 7.65| 7.6 76 |76 |75
6.60% @ 7776 |76 765 76 | 76 74 | 74 | 735 72 |72 |69
MOTHEREARTH 2 | 7.65] 7.65] 7.6 7.60] 7.55| 75 74 | 7.4 | 730 714 | 695| 67
10.76% tm |76 ]755 75 76 |75 |74 74 |74 |23 63 |59 |s8
MOTHEREARTH (2 |76 75|75 76 |75 | 745 745074 | 735 .62 |54 |s7
15.64% w |75]7a 73| 76 |25 |73 745|724 |735 ag | as|as
MOTHEREARTH @ |76 75|73 76 {75 |73 74 |73 |13 435 46 | 42
18.00% m |72]724] 69 73|74 |67 72 |68 {66 | 51 {so {49
MOTHEREARTH @ |77]71] 69. 74|71 |67 7.25| 6.8 | 66 52 |so |49
CONTROL m 78 74 82 FERROUS M 74 73 74
(No Additives @ 78 79 81 SULFATE @ 72 73 74
in Soib o ' {0.29/100g Soil) TA3LE OF
SOIL SULFUR M 75 74 74 IRON . W 75 75 175 PH VALUES
. (02g/100g @ 75 74 74 CHELATE @ 75 715 75
soil (0.1g/1009. Soin
. [y .
S A— S
0.1g / 100g SOIL 0.2g / 100g SOIL 2.0g /100g SOIL 20.09/100g SOIL
T BLE 1{1w0]30]:]1]10]30 1|10/ 30 1| 10] 30
DAY |DAYS|DAYS|" = | DAY |DAYS|DAYS DAY [DAYS|DAYS DAY |DAYS|DAYS
2.29% m|{als{s 5 s |6 ales |8 s |71
MOTHEREARTH @ | 4 | 5 | 6 15 )]s |e s |6 |8 s | 8 | 1
6.60% @3] als al|ls|es 6 |7.]8 15| 16] 17
MOTHEREARTH @ | 4 | 5 | 6 a|s |s6 6 |7 |8 191 19| 20 ;-
10.76% w|ls]z]o9 6 | 8 | 10 1511516 96 | 97 | 99
MOTHEREARTH @ | s | 7| 9 6 | 8 | 10 15 { 16 | 17 95| 95| 9
15.64% m|eflz2fo|. |89 |mn 28 | 27 | 3 137 1a9| 178
MOTHEREARTH @ | 6 | 8 | 10| - 7 |8 |10 25 | 26 | 28 128 | 154} 165
19.00% m|s|al| o 6 | 11] 15 18|28 |2 165 | 212| 248
| MOTHEREARTH @ |5 | 7 [ 10 6 11| 15 18| 222 159 ] 230| 253 X
‘A:OO?ROL iNo m 2 2 2 FERROUS ‘M 25 36 39
itives 2 2 SULFAT
InSom @ 2 (0.29/150g oI @ 26 38 40 TABLE OF ppm DTPA
SO SULFUR M 5 6 8 IRON ) 46 46 46 extractable FE
02971009 2 3 4 6 CHELATE @ 4 46 46 -
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Patior in plants, as in man, indlcates sickness, but In plants this unhearthv veltow color usually means sickness caused by
hidden hunger for important nutritional elements like nitrogen, phosphorus, potash, etc. However, only a few plants can
easlly express the symptoms of nutrltlonal deﬂoencv, and by the time nunger signs appear the general health of the piant
hasdeclined and yield has beenreduced. = 7

Starvation symptoms In plants are not always caused by actual lack of essentlal minerals in the soll. These nutritional ele-
ments may be present but unavailable to the plant because the soll is too alkaline or too acidy. When ailing plants fall to
respond to fertilizer application it usually suggests that this important alkaline-acld relationship — soll pH — Is out of
balance.

perhaps the most important aspect of soll reaction is not the critical deficlencies of mlnor elements which certain pH

- values bring about, but on solubllity or availability of major fertilizer elements which Is controlied to a great degree by

these same pH values.
Ready solubility of nutritional elements is one of the important advantages of commerclal fertilizer over natural organic

-SOurces.
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SULPHATE

Sulphate of ammonia contains 20 percent actual nitrogen and applied to soil in the pH 6-8 range has a maximum solu-
bllity; yet at pH 8.5 little more than half of the nitrogen applied is available to crops or plants. This means that it may cost
$100 to properly fertilize soil with a high pH value, where $60 would have produced the same benefits If pH were adjusted
first. -

* The first step to insure proper nutrition is to periodically test soit for excesslve acidity or alkalinity before damage to
plants can occur.

once soil pH or solil reaction is known, proper soil treatment can begm so that maximum availability of essential minerals
is achieved and minerals which are lacking can be added.

Economically there is much more to be gained than plant well-being by correcting soil pH toward the optimum of 5.5
to 7.0. Loss of nitrogen as volatite ammonia can be in excess of 30 percent if the pH is above 8.0, but reduced to 0 at pH of 7.
Phosphate can be removed from the plants use by formation of di-calcium phosphate as low as pH 7.3, but can be made
available again by adjustment of the pH with sulfur.

‘The optimum pH for most crops lies between a fow of § and a high of 7. All plants wiil die within a very few minutes in pH
below 4, or above 9: As these extreme pH's are approached, plant viability and production suffer.

it requires no effort to change the pH upward by using liming materials, and little more to change It downwards with
sulfur. The buffering effect of limestone present In soils does not come into play much above pH 6.5, and not at all
above7.0.1tis however present to supply soluable calcium needed for good soil tilth.
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HERE'S WHAT THE EXPERTS SAY:

’ "Abplications of sulfur are sometimes made to alkaline soils to reduce their alkalinity. As a matter of fact sulfur Is
probably used much more frequently and in larger quantities for the purpose of changing soil reaction than for the
purpose of adding a nutrient.” :

» _ gasic Horticulture PP144
~successful reclamation of sodic soils by Gypsumn or elemental suffur has been reported in numerous publications, as
recently reviewed by Tidale.” X

Sulfur institute Joumnal 6P2-7

“it Is conceivable that acid appllcatlon to Imgatnon waters, or soils will reduce ammonla volatile loss.”
Soil Science Society Am. Proc. 28:751-4

“Sulfuric Acid applied to P—deﬁcient caicarous soils Increased the soluble P severalfold."
' ; J.environ. Qual. vol. 4 No. 4 1975

"It is probable that greater vnelds obtained by acid treatment are, in part, related to the reduced pH, and to an
increased availability of nutrients whicn are often less availabie in sodium-affected calcarous soils.” )

Amcle by Miyomoto, Ryan, & Stroehiein in J. Environ. Qual. vol. 4, No.4 1975

"It s recognized that sulfur can be used to advantage on both white and black atkali soils.”
Nature and Properties of soils PP31S

“sulfur ls the most effective and economicat single chemical treatment in the elimination of black alkali.”
Rectamation of Virgin Black Alkali solls Journ. Amer. SOC. Agron XXvi 752-762, 1934

“Flowers of sulfur undergoes vigorous microbial oxidation In the soil, and Is four to five times more effective In
developing acidity than ferrous sulfate




s .08 . ’
— Water Is used In the soil to make nutrients available to the plant. Mother Earth makes the nutrients more mobile, there-
fore less water Is needed. .
— Piants trade off water for CO, in bullding tissue. Healthy plants are 2 to 3 times more efficient than plants under stress
. pother Earth relieves stress by several means, including pH adjustment, compaction relief, and salt reduction. .
— According to plant experts production of field and garden crops can progress with v less water If pH Is adjusted from
8.0t06.5. ,
. — rrigation efficiency can be improved by 30 percdent to 50 percent in the 1st irriGation after using Mother Earth.
- To use less nitrogen, phosphate, and water, use Mother Earth (and remember one proper application is for permanent
correction.)

' 5 STEPS TO TOP YIELDS OF ALFALFA

Relative Growth vs. pH
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Mother Earth is 2 mined soil amendment that has proven effective to increase productlon on good farm lands and ..
gardens and reclaim marginal and submarginat land and gardens.

itisfi nely milied for easy application. It Is readily available in small quantltles or in economical bulk purchase by the ton.

Kother Earthy:. . isamlxture of the three most commonly used s6it amendments, sulphur, gypsum, and sulphuric acid.
it is used prirmrartly to increase productivity of marginal-and producing soils, but can effectively reclaim solls that are not
now making economic productions. .

Mott.er Earth . . . effectively lowers pH, and reacts with naturat limestone in the soil, to act as exchange calcium. This will |
replace sodium on clay particles, and “open up” soil for water root penetration. Leaching to remove salts can be done
more effeclently once penetration s established.

’

" 4. Plant aifalfa on your best land — It can be your most profitable crop.
2. watch soll pH; sulfur when necessary — Liming Is seldom necessary In the calcareous soils of the mountain west.
Alfalfa does best on soil within a range of 6.3 to 7.5 pH. If soil pH is above 7.5 add sulfur.

" 3, Use full-feed fertllizer — Reaching for top alfalfa tonnage ks no different from going after high ylelds in other crops; a
big fertitizer push Is 2 must. Test your soll, find specificaily what ang how much fertilization it needs, and then adjust the
application rate to desired yield, cropping system, and other management factors.

4. Select the right alfalfa(s) — Choose an aifalfa to fit the job: high, early vields . . . long stands . . . special resistance to
‘asectsand disease ... excellence in mixtures.

p S. Water adequatelv, In well batanced soll 6 Inches of water will produce about 1 ton of hay.
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SUMMARY OF CHARACTERISTICS
AND APPLICATIONS OF
SULFER AND IRON BEARING MINERAL DEPOSITS

~ Acid Iron Plus is the trade name applied to the material prepared from a
hydrotherma1 mineral deposit located at Sulfurdale, Utah. The mineral
deposit is mined crushed, and screened. The degree of fineness is of
course controllable but typ1ca1 preparat1ons pass inch screens with
20% or more passing a 32 mesh screen.

The assembly of minerals in the deposit varies somewhat but the product
is characterized for agricultural app11catzons on the basis of its
content of elemental sulfur. ~“Sulfur contents/1n excess of 15%
characterizes the material being marketed aIthough mater1al containing -
lower percentages of elemental sulfur have been demonstrated to be quite
effective. In addition to elemental sulfur the mineral body contains
ferrous d1su1f1de (FeS,), iron pyr1te and silica (Si05) each varying

roughly around 10%.

Of particular interest is the presence of about 2% of the mineral ferric.
acid sulfate hydrate (Fe2(504)3 H2504 2Hy0). Some 55 to 60% of the mineral
materials are amorphous . It is thought that the minerals precipitated

from hot, highly acidic so1utions. In addition to iron and sulfur,

~already mentioned, Acid Iron Plus contains a number of additional elements
in small to trace amounts required for plant growth including calcium,

copper, manganese, potassium and zinc.
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The utility of the material for agricultural purposes derives from its
acidulating nature and its impact on plant nutrition. The latter effect

derives»from’required elements present in the Acid Iron Plus and to

- changes in ava11ab111ty of m1nera1s in the soil attributed to acidulations

of the soil mass in general or at point sources.

Comparison of tissue content of grass-from treated plots {green) with

- untreated plots (iron chlorotic) showed striking increases in the iron

content of tissue and modest increases in phosphorus content. Molybdenum
content detreased. These trends are consistent with expectations based

on soil chemistry cons1derat1ons.

Regarding beneficial uses, Acid Iron Plus, has been effect1ve 1n correcting .
iron chlorosis in numerous p1ant species for periods of about two years.
Longer range studies have not been conducted. ‘It is also effective where

beneficial effects from soil acidulation are obtained. As an acidulating

- agent it is as effective or more so than materials such as elemental

sulfur or ferrous sulfate which have long histories of use.

Acidulation is rapid due to the presence of crystalipe sulfuric acid

in ferric acid sulfate hydrate ahd is also long lasting due to the

* time required for micrdbial oxidatiqn-of sulfur and sulfides.
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Acid Iron Plus is typically dlsked in as a preplant treatment to correct ’
iron ch]or051s. It may be effectively applied as a top dressing to ‘
turf grass or similar situations where disking is not possible. Typical

effective application rates are_about 1000 pounds per acre. Applications
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of 4 tons per acre may cause modest injury to some plants. Applications
of two tons per acre or less have not injured plants.
Laboratory studies have shown Acid Iron Plus when applied on a comparable
weight basis with elemental -sulfur to be equaily'effective in reducing

- the Soi1 pH. Additiona11y§“soiT»extractab1e:iron has-been :significantly

higher than in comparable sulfur-treated soils.
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Steve Farrar, MS, Horliculture :
Agricultural Crop Consuliant snd Pest Managernent Sppuahet

Hnge"man {daho

T0 WHOM IT MAY CONCERM:

Over the past three growing seasons in my work as & Crop Consultant in
southern Idaho, | have had many occesions to not only recommend the
spplication of Sul-Fe to correct specific soil conditions, but to also
chserve firsthand the beneficial effects of this remarkabie product.

Many of the irrigated soils in southern Idaho have pH levels 'ranging from
7.5 to as high 85 8.5. These alkaline conditions are & result of both the
parent materials from which these soils are derived, a desert climate and
irrigation waters which contain relatively high contents of soluble salts,
especially sodium salts. Many undesirable soil conditons are a3sociated
with these high pH and salt levels, including poor soil structure, poor
water infiltration rates, lack of soil geration essential for healthy root
development, and & tie-up of phosphorus and trace elements.

Bssed on results of soil tests, | have recommended application rates of

250 to 1500 pounds of Sul-Fe per acre, depending-on the severity of the

rnroblem and the value of the crop. My recommedations for the spplication
Sul-Fe were made as part of & total fertility ranagement progrem end

, als-:- included, when needed, the spplications of other fertilizers (N, P, K,
~ trace elements) and soil amendments (gypsum, manures, bacterial -

inoculants, etc). The results have invoriably made the applications of
Sul-Fe, alone or in combmai)on with other fertilizers, very cost effective.

The most dramatic effects have been on legume crops such as alf alfa and
beans. On eifalfa, yields and protein levels increased dramatically

following fall or spring applications of Sul-Fe. With beans, | noticed

~increases in the number of pods set, increases in root nodulation

(essential for nitrogen fixation) and dramatic decresses in the incidence
of root rot. Other crops have benefited from the application of Sul-Fe,

‘including sugar beets, potatos, wheat and corn. In addition to increases in

yield and crop quality farmers have frequently cornmented on other
beneficial effects of Sul-Fe including: easier harvest of root crops {soil
easier to dig, less soil clings to product), less energy required for tillage
operations, and reductions in irrigation requirements. '
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phosphorus on an annugl basis. Exammahon of soil test results from this
area frequently reveals high pH levels and very low levels of available
_.JhO sphorus but relatively high levels of total phosphorus. In other words,
there was enough phi.phorus-in the soil, but it was not in a form available
for uptoke by the piant kothpr than odd rore phosphorus (which w11l also
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become unavaileble and which will also contribute to zinc deficiencies], |
generally recommend a correction of the high pH problem. Sul-Fe is much
more effective than elementol sulphur ond invariably resulted in @
decrease in soil pH levels and on increase in available phosphorus levels
without the costly addition of fertilizer phosphorus.

In summary, Sul-Fe has been proven in the field to have very beneficial
effects on the physicsl, chemical and biological properties of 8 wide

-veriety of soil types. The mechanisms by which most of the beneficial
effects of Sul-Fe are achieved are relatively straightforward and can be
explained by basic soil chemistry and physics. Other benefits which | have
observed and heard reports on, such a3 incressed resistance to insects and
disease, are more difficult to quantify and explain and will require
additional investigation. The effects are norie-the-less real.

Signed,
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Sutfur Sas!

nature S mmeral le SHGWS pmmtse

By R.H. FEUS’ N
A newly discovered votcamc mineral depostt has been

shown (o dramatically Increase legumes yields and

‘penefit nitrogen fixation by supplying trace minerals
essential to nitrogen fixation by both symblotic and free
living nitrogen fixing bacteria and algae. This Is a rare
naturally occurring deposit which is extracted from
fianks of an. exlinct volcano in an area of Intense
geothe'mal activity In southern Utah, A deposit formed
at a fissure extends to as deep as 50 miles or more into
the earth’s crust, which Is shallow &t that point. The
source of this sulfur soil is 2 geothermal spring which
brings dissolved elements to the surface along with

varlous gases Including carbon dloxide, hydrogen"

sulfide, and nitrogen.

It is believed that the gases. mlnerals and unknown

growth factors emited from these volcanic vedts may
have been responsibie for the lush rich vegetation
produced belore and during.the carboniferous period,

when vast forests and swamps provided oil, coal, and

humate deposits nearly world wide. This rich vegetation

supported a vast bio-mass including giant reptiles and -

later incredibly diverse mamma! populations. When the

volcanic periods ended, these minerals.including sultur, -

cobalt, molybdenum, zinc, copper, suifur gases, water
vapor and nitrogen ceased, causing changes In the
vegetation of.the world and evantuatly affecting the
weather patterns. Coupled with overgrazing this may be

responsible for the unexplained thanges that occurred’

in the absences of volcanic dusts end gases. .’ . .
Sutfur soil was discovered quite by accldent when e
small amount was added to.a house plant and

unexpacted growth occurred. Since then the material

has been used on thousands of acres in Utah and

Montana with spectacular results documented time
attertume.

SULFUR S0

1 became Interested in sulfur soll when l was looklng
for a quickly available sulfur source for Irrigated alfalfa
In Montana. A truckioad of this low cost material was
obtained and a series of test sirips were spread on a
large ranch owned by Lloyd Tracht near Kalispell,
Montana. The results were evident in five days. Only 250
pounds per acre ware ussd, and a month later the first
cutting of atfalta was taken, The results were

spectacular. Increased yields of two tons per acre were

produced. The resuits here were repeated the second
year gs well. Well over three tons of aifalfa per cutting

* were produced. This Is well over the average for nothern

Monlana, Plant analyses were performed and it was
Tound that the protein levels were Increased from 16.7%
to as high as 22. 5% protein. The forage tests performed
by Montana Testing Laboratories showed not only
Ircreased protein levels but Increased copper, zinc,
magnesium, phosphorus, iron and other trace mlnerals
Increased dramatically as wall. ’

Wa knew there was more than a sulfur response
Invoived. The roots were checked and it was found that
the nitrogen fixing nodules were vastly increased over
the conirol plots. Tests raveated a siganilicant lowering

l‘" the zoil pH In 2 shon perlod ot tlme Later research
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revealed that many factors accounted for dramatic yielo

Increases Including pH -reduction, sulfur and trace
minerals, carbon dioxide gases fliberated {rom the

- reaction of sutfuric acid end lime In the soll. Reduclion

of pH made the soil environment favorable for nitrogen
fixing organisms, which were then_stimulated by the
sulfur-iron molybdenum and cobalt which are contalned
in the sultur Joll. Also noted was a soll softening sffect:
partially due io the release of salts, which were held
tightly by the clay colloid. Where the sulfur soll plie had
been kept, we noted an unexplained Increase in the

- depth of the top soll in a year's time. | had never seen an

eflect like this. It has since been explained as the

" stimutation of soll fiora and fauna to where soll

formation accelerated at an amazing rate due to the
bulldup of the bodies’ _o! mlcro-organlsms'and
subsequent humification In the reduced.pH solil

- environment. This fits known biological and chamical

principals already established.
We have many photos and letters from our test work.

. The principles- are simple; pH reduction alone has

dramatic elfects on alkaline western solls. Effects of -
acids are essential to soil formation and release of
inorganic nutrients by dissolving parent rock. In_
dissolving, the lime combines wilth other nutrients,
rendering them unavailable to soll organisms and to
higher plants. Dr. Williar A. Albrecht had many thoughts

‘on the impartance of acld and the importancs of balance

of the soil cations. ) will quote from Ths Albrecht Papars
chapter 13. : . T

SO ACID!TY. )
_*“Soil Acidity Is Beneficial, Not Harmfull" g
“Only recenily have we come to appreclate the
services by soll acidity in mobllizing - making available -
many of the nutrients In the rocks and minerals of tha
soil. When we learned that solls are less productive in
giving us legumes and other. protein-rich forags,

- ‘according as they becomse more acid either naturally or

under our cultivation, we came to the conclusion that

- soil acidlty Is the cause of this trouble. We now know

that a plant puts acid into the soll in exchange for the
nutrients it gets. 11 Is the same acid held on the clay that
weathers the rock fragments and serves to pass their
nutrients on to the clay, and from there on to the plant. -
“The coming into the soll of excessive acidity ls
merely the reclprocal of the going out of the ferlilty,
Nature's process of feeding the plants, and thereby the
animals and us, is one of putting acidity Into the soll
from the plant roots in order.to break out of the rocks
what nutrlents they contain for nourishment of all the
different fife forms. Soll acidity always has been the
agency In the soll to keep the assembly lines providing
the avallable fertility for crop nutrition, which In turn is

nutrition {or all higher life.
HCICS,usa
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- Intoads by brucellosis on our herds of cattie and hogs,

SULFUR SOIL: Nature’s minaral milx shows promise

e

“Acidity Is a slow mobilizer of nutrients contained in THE pH FACTOR:

the minerals. Of course, nature’s processes do not 1t Is obvious from research in the past and present
demonstrate high speed. It takes six months or more for -
limestone to stock the clay with enough calclum to feed . all the nutrients needed by both soil micro-organisms,
our legumes. 1t takes Ionger for pthers. Consequently, if planis and animals, pH must be reduced and acids used
phosphate rock is slow in dbr*xﬁnslralmg its effects on - {o help mobilize the unavailable nutrients-in thsse
the crop, we need not be alarmed. 1t certainly will nol be- - calcarious soils. Sultur soil had shown to ba the answer
very active In soils that are not acid. In our western soils 10 the reduction of pH by instilling a natural, mild form of
that have considerable free fime rock mixed throughout. ~ acid 1o mobilize plant nutrients.

.them, the glants suffer from phosphate de!icioncies " Stimulation ol soil micro-organisms Is very imporlant

Rock phosphate may .not be so efficient-there. Dr= -~as baclerial _action. Is largely responsible for most

Hutlon of South Dakota poinled out that phosphorus - nulrient cycles irthe soll. All solis s1art as rock material

delivery 10 the crop was the major: problem on these - and are slowly or rapidiy-converted lo soil by baclerlal

highly calcareous, or these distinctly neutral soils. Il is action as the organic matter builds and butfers the soil it

on soils of that reaction tha!l catlle have been bone- sets the stags for biological nitrogen fixation ahich con.

chewers. Apparently they are going to that exltrems — then support vegetation of sufficient qualily to susiain

behavior in order to get their phospho:ous which the - animal population.

forages as feeds on the soils there fail to provide. So In addition to the nitrogen fixation, tha organic maner

when the soils are not acid we may expect shoriages of addition - which increases the soil's organic maller - can

some fertility elements like phosphorus, for example, In then be converted by micro-organism populations into

the plants and even in the animals. It is on the acid soils humus.

where most of our population has always fed itsell, In a high pH calcarious soil we frequently see raw

suggesling that it is on those acid soils where there is organic matter preserved in tacl in the soil with little il |

much more speed In making the fertility active and any- breakdown or oxidized back Into the air. In an

avallabie from out of the reserve minerals. . . improved soil pH environment, humification can occur
~Phosphorus deliciencies in the soil suggest pessible wh:ch beneMs {he soil in many ways.

health troubles. That human health may be related to

that deficiency in the soil has come to be more than LEGUMES'

mere speculation when animal troubles are Jocalizing

themselves more and more according 1o soil fertility

tha! for western soils to become productive and supply’

Legumes are prolem producers and are nesded to
feed the protein hungry world population. Legume -

e ¥

deficiencies. If one fooks at the map of poliomyelilis in.  protein makes more prolein per acre than any other c:cp
1046, for example, It is significant that this health _ and alfalfais foremost as prolein producer far exceeding :
trouble was more severe in these states where the less .-;‘oybeans and grain. Legumes used In rotation would be
acid soils give deficiencies in phosphorus for the plants of -higher quality,  complete enzymes systems, amino _
and animals. It is all the more significant when we: acid balance due to regutation of soil pH addilion sullur
remind ourselves of the fact that the brain and nerve and trace minerals. Sulfur soll contains levels of cotatt
tissues - most seriously alfected by *“polio™ - represent and molybdenum which are shown-to be essential in _
high concentrations of phosphorus. Whether there is nitrogen fixation. In short, sulfur soil may be a major
any casual conneclion belween this human aff'iction ~ Impact on conserving dwindling reserves of il and

and these non-acid souls because phosphorus Increasing the yield nad quality c! our foods at the same

availabillty there is low Is'a" queshon that remams for - time. Sulturis a building block of many amino acids and

researchlo answer. - - o without sulfur in the soil there are many deficiencies in
“There are also other nulrients in addition to-  the essential amino acxds causing plant and animal
phosphorus that are not mobilized eflectively unless the health problems.

-soils are acid. These include iron, manganese and boron.

Perhaps these or some others not yet appreciated are R.H. Faust Is an agronomist,. soil speciallst and
casually connected with this baffling disease. other ecologicel agriculture consultant,
¢lseases may be In a similar category. When we seethe . .- : .o -

Faus! Blo-A#riculiural Sepvices. Inc.

and when undulant fever passed seemingly from these is P.0Box NS0+ Twin Felis. Kzho 83301 - 208) 3264858

becoming more common, there 1s decided
encouragement 1o theorize and do some research on the ) -
belie! that we need acid soils and need to gear more
mineral fertility through acid assembly lines of our soils.

~Undersianding soll acidity means appreciating the
deficiency of soil fertility. We have used lime rock,
phosphate rock, and green sand as potassium rock, in ‘ : .
both the experimental work in the laboratory and in the .
field lrials, to convince ourselves that the plant nutrients . : )

" within these are made avallable to plants by the acidity

of the solis. Possibly as we come 1o appreciale the
penefits of scll acidity we shall no Jonger fight It with
carbonales, but shalf guard it and use it 10 treat our lime

Repri ] . 1978 S5, us
sock as calclum fertllizer, our phosphate rock as printed from January, 19 QEE‘;;’;H;Q
phesphorus rock or phosphorus fertilizer, and possibly . )

many other rocks whose fentilizer values we siil do not P.0. Box 9547, Raytown, Mo. 64133 )
appreclate. In the future more of these mineral or rock ' )

iypes of soll bullders will very probably go into the soll
fo bulld up a reserve of minerals there. This wlill occur
when It becomes more common “nowledge that soll
acidity is beneficial and not delrimental.

!
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by Robert L. Foust :
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Back in¥1978 [ trote an erticle about
a producteafled sulphursoil. Since then

. we have lzrned more about the prod-

uct. It ix cow sold under three niames in
the west. The main reason | am writing
an updatef story about this material is
that aficr &x years of work, 1 fecl that
sulphursall & the most underrated
product iasgriculture and the most cf-
fective anf reasonably priced I have
ever enconstered. Since the original ar-
ticle was goblished, this product has
heen usel in eight states and western
Canada. It Bas been used by farmers,
orchardists and gardeners. Its use by
the turf infnstry has grown and much
intercst kes centered around this indus-
try. It bxx beaten nationally known
NPK tof formulations in greening up
golf coures and parks in Les Vegas and
Los Angcks. 1t is sold for that purpose
under the name Sul-Fe. The product
has beea est=d and proved effective as
far eway as Saudi Arabia. -
In convenfional ficld agriculture, sul-
phursall ks been especially effective on
legume czps. It has been used for five
years tuming oo alfalfa in southern
1daho asfEe only fertilizer, and initially
Incressall §iclds by one-third while in-
creasing €= protein by an sverage of
3%. Itkrxatso freen quite successful on
grain creps, especually bardey. Yiclds
achiewcd en barley are almost hard to
believe. Ustng banded statter N and P
and SO0 pounds of sulphursoil pre-

plant, wekave achicved es high a5 178.
. bushekpes

sulpburzd Is 50 good on barley is be-

cause Gifs materis! stiffens the straw,

pez acre, One main reason that

the. problem of lodging,
which Bodts the barvestable yield. The
tarce yor one farmer got the 178
bushel 34, the unlversity test farm in
western Baho using the same variety,
Sicptoc, got 123 bushcls per acre.
.Roceg) gicdds wrere alsg achiered with
. both pers 204 bean seed ctops. Many
farmexeing the product reported less
insect anfl disease problems. This fact
was verifid by fieldmen working for the
_seed coxppenics. Gardeners repotted to-
matocs £pening sooner when in the
past they bad mostly green tomatoes
that just&idn't scem to ripen.

1984 pp 18-19

BENEFITS =~ ' -

~“‘There were many other benefits re-

ported, with the most universal being
an improvement in soil structure. This
wis the case gocording to potato and
beet growers who were having better re-
sults harvesting these crops. They re-
ported softer soil, which ailowed them
to harvest the whole beet without break-
ing off the tap root, thereby not leaving
part of the crop in the field. Less soil
clung to the beets, meaning less soil
hauled and more beets.

Potato growers had very glean pota-
toes. They had po problem with the
sticky soil adhering to the potato. The

tatoes were firmer snd- kept much
better. Yield increases were evident and
controlled tests showed 40 100 pound
sacks Increase per acre.

Most of the successes with sulphur-
soll were on high pH calearcous western
soils. Sodium In the hrigation water
builds up on-the soil colloid, causing
the soll to foss structure and pH to rise
thereby inhibiting availability of phos-
phorus and trace minerals to the plants.
The rapid acidifying effect of sulphur.
soil eliminates this problem by revers-
ing the build up-of sodium on the col-
loid. This is accomplished by dissolving
fime to form soluble calcium, which ef-
fects an fon exchange reaction which
substitutes calcium for sodium on the
soil colicid. This allows the sodiumn to

leech away as sodiummsuifate. The soil

colloid becomes daminated by calcium,
hence & stable, friable, crumb structure
is formed Inste2d of the gummy condi-
tion caused by sodium. This benefit oc-
curred in one scason with the costs

_ranging from $25 to $S0 per scre, ge-:
- "pending on the severity of the problems, .

Land has been reclaimed in Utah that
had salted up so bad that only kochia“
and wild sunflowers were growing. This
kind of dramatic change in a field that
has been taken out of crop production
may require several tons of sulphursoil
to change it sc 2lfalfa can be successful-
ly grown. Bear in mind that most irri-
gated areas in the world have been fail-
ures with time due to sodium and lime
buildup and loss of structure. Sulphur-
soil is able to reverse this process at a

. low cost. This is one reason why [ fecl
that it is one of the most underrated-

materials in agriculture. It is effective
at increasing phosphate and trace
inineral availability end is feared by the
commercial fertilizer industry for that
reason. |

U%émm

. FOR ALKALINE SOLLS -
Sulphursoil's bigh acid (pH 1.4) and
sulfur content (20%) ase responsible for

 fts great benefit on alkaline soils, es are

its available irop, cobait, molybdenum,
etc. 1t is the only sulfur product that is
natural and labeled for these elements.
What causes it to be so efiective at fow
rates on soils that do not have a sodium
problem? This took me several years to

- discover. Why does it stiffen straw of

grain? Why does it increase phosphate
in the plant? Why does it cause a dra-
matic decrease in iasect and discase
problems? These properties sre no
longer & mystery. My rescarch has dis-
covered a substance which previous re-
search has proyed can do the things
stated sbove. It took a coaversation

- with & Japanesc sgronomist for me to

learn what may be cansing some of the

beneficial effects observed. Subsequent

data from Rothamsted Research Farm

in England supports my findings. _

Rothamsted Is the oldest soil rescarch .,”

facm in the world azd.test plots.biave

becn maintained there since 1862. -

What makes sulphursoil do the follow-

ing: increase phosphate in the soil and

the plant, decrease lodging, resist in-
sects and disease, increase yiclds and
protein levels?.

T Silicic acid, which ls an acid form of
silica Si (OH) 4, bas been shown to ini
crease the available phosphate. In fact..
in some soils response to phusphate fer-?

* tilizers can be predicted by testing for!
Jovels of silicic acid. It may be true tlu:f
using any form of phospkate fertilizer isd
& waste of money if sufficient levels ot

silicic acid are not present. Receat tests}
have shown that sulpbursoil containg
over 5% silicic acid. My experiecce
shows that phosphate test levels ia-
creasc in southern 1daho with yearly ap

plication of 250 to 500 pounds of sul-.

phursoil, No phosphate fertilizer has,
been used for six ormore years and 2l

falfa yields are the highest in the ares,

Sulphursoil 2lso decreases lodging,

|

discase end insects, perhaps for the; |

' game reason. Silica strengtheas the cclb

walls of plants, making them stiffer sod’
harder. This makes it very difficult for.
{nsects to penctrate the plants defenses.

This is also true of plant discases. Sul-,
fur levels Increase dramatically, possi-/
bly causing a repellent effect. Sulfur is*
also an extremely effective fungicide.:
Trace clement levels are increased as
well, increasing the health of the plant
and its resistance levels.




BACKGRUUND FAULIORY
There are many factors that ma.kc p
satphursoil eftective. Sulphureoil is 2 -
. geothermal deposit, found only in
southern Utah, with lesser amounts in i
"Yellowstone Patk. It is extracted from
the botlom of geathermal pools: The
geothermal fluids ln these pools contain
ell koown clements and arc highly
acidic. Acids have bad publicity end ere?
claimed to kill soil microorganisms. md
_certhworms. But what we have mcn'
: with . sulphunod is an’ i

bcncﬁc:al bacteria, and & big.
in earthworm pcpulations, sometimes’
in soils where earthworms® were never
observed. Bear in mind that my obser-
vations are on high ph western soils.
Soils in most humid areas are acidic
and must be limed. Much smailer
amounts of sulphursoil gre used as not
to sggravate an cxisting acid condition.
Sulphursoil is not & cure-all, It is a
practical tool to use for several situa-
tions—higher levels for high pH soils
and small amounts for acid soils.
Remember pH is 2 critical factor and
must be maintained in a reasonable
range for optimum plant growth. The
usual range is from 6.5 to 7.5. Lime has
~ been used for & long time on acid soils
to change the pH. But, it has always
. been thought that there was no practi-
cal way to reduce pH on elkali soils, so
farmers try to treat the symptoms with
lots of phosphate 2nd trace minerals. 1

have found this to be a treadmill only, -

benefiting the fertilizer dealer. The

e me wat =
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up usiog anhydrous tmmoma, zven\A bg (sr\Ce_ a/(o n e,
" _and end

shough much is lost to the sir, and it
: “solubjlizes valuable humus causing de-
terioration of their soil structure. The .
old “single factor approach™ mentality,
whercby’ complcx decisions are msede
simply by price per unit criterle, hes
been the downfzll of many & short-
sighted farmer. Many “eco” types are
scared off by the aclds and sulfur con-

tained.in sulphursoxl This is unform-
‘pate ibecanse withoat miMd “acidiflca™
Lo tiomr<most | trrigated, " calcarious sods
& }'have pH too high to support much of 8 *
“bacterial “population end earthworms-

are rafe. Thosé same soils treated show
, & dramatic increase in earthworm
popu!atlons Decomposition of crop
residue is rapid when normally it is non-
existent and burnmg is necessary. :
The facts remain that sulphurso:] is
the most underrated product in agricul-

* ture. It docs the job claimed for it by its -

producers. It has stood the test of time.
It-is a2 100% natural product and it is
inexpensive. Over the yeacs [ have seen
people scramble for iracle products or
more commercia! fertilizers, all to no
avail. 1 have also seen growers' costs go
down while yields and quality go up by .
using natures most valuable gift to
western farmers, sulphursoil.

inswer is to treat the discase. [ have:. -

done }ust that, and it has been the only
way of increasing production on most

irrigated soils I've worked with. It has .

alsa been shown in recent research that

sulfur increases N fixation by legumes. .

It is also well known that iron, cobalt
and molybdenum ere required by nitro-
gen fixing organisms. Sulphursoil con-

tains these clements and others in

abundance in an available form. Why
then is sulfursoil not widely accepted by
farmers? One rezion may be that it is -

judged by its sulfur content alooe

(20%). Many.farmers decide on what ’
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Rogers Engineering Co., Inc.
467 Hamilton Ave., Suite 29
Palo A]to, California 94301 March 15, 1985

.~ Delano Development Corporatibn In reply refer to: S-85001

#1 Sulphurdale, P.0. Box 1086
Beaver, Utah, 84713

Attention: Mr. Thomas Canada,' Senior Vice-President .

Subject: Pipe]ine from Geothermal Plant Area to D.D.C. Geothermal
Greenhouse Area

Dear Tom,

Enclosed as indicated on the transmittal sheet we include three' sets
of drawings and a comparative cost estimate for the pipeline.

We recommend that construct1on of a pipeline to transport condensate
from the power plant to the mushroom plant be deferred until the
operating characteristics of the steam wells and condensate availability «
can be more accurately assessed. The well characteristics can better be *roimsio- =7
determined after several months' operation of the power plant. Further, B

.the reliability of the spring water supply system may lead to the conc1u51on

that the: we]l :condensate=should:be ‘used “for=cooling" tnwer operat1on

~ Current criteria guarantees only 200-240 gpm of condensate. Under this

condition the boiler must be operated at full capacity during the winter
if heat is to be available for the drier.

The flowsheet:is based on a condensate flow of 400gpm. This is the flow
estimated to be produced by two wells when 5MW are being generated. This
quantity will supply the 3.4 million Btu's requ1red to supplant the boiler

for greenhouse heating, and will-also-provide heating for :the mushroom" urier,-
This aspect of the flowsheet should be reviewed after the tests by the o
drier manufacturers have been comp]eted and drier heat requirements

can be f1na11zed : ) E '

" In the summer, excess. heat1ng capac1ty W111be ava11ab1e at which t1me

some of the condensate shou]d be d1verted to the reanect1on we]l 42~ 7

~ The f]owsheet-1nc]udes 50% standby capac1ty for heat exchangers.

This is achieved by providing 2 units, each 50% of required capacity. ~" ‘hi-pradiicus
at the greenhouse'and at the drier. : I E : A

100% standby capac1ty is included for pumps Power reliability should
be reviewed to determine whether or not pumps should be dual drive so that °
pumps could be engine driven in the event of a power outage. .
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Storage capacity of the condensate receiving tank is shown as 24 hours,
and this requirement should be reviewed after the power plant is in operation.

 The cool condensate surge tank has a capacity of 4 hours storage, and this is -

not impacted by power. plant operations.

It is recommended that an overall flow sheet be prepared for product handling
as well as detailed specifications for all equipment not yet ordered

In add1t1on, a schedule should be prepared show1ng t1me for procurement
fabrication, delivery and installation of all equipment and materials
on the proaect

As we had agreed on January 30, 1985, Rogers Engineering Co., Inc.'s est1mate o

- for this work was not to exceed $12, 000 total cost to Delano Deve]opment Corp.

My estimate was based on approximately 173 manhours of our engineers' time
at not to exceed $50. per hour, and approximately $3000. in reimbursable - ===
expenses. At this time we are within budget; however we have not received

all of our telephone bills yet. '

Ke have certa1n1y enJoyed working with you and your staff. We trust that we
can be of cont1nu1ng assistance going forward :

_Yours very truly. ]

Flere b-.

Herbert Rogers, Jr.% President
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ﬁf@—we recommend that construction of a pipeline to transport
condensate from the power plant to the mushfoom plant be deferred
until fhe operating characteristics of the steam wells and
condensate availability can be more»atcurétely assessed. The well
characteristics can betteé”bé deEEﬁ@fﬁéd“éffer several months’
operation of the power plé;t: Fdré;er;’fgéfreliability of the
spring water supply system may lead to the conclusion that the

well condensate should be used for cooling tower operation.

ﬁ?; Current criteria guarantees only 200—240 apm of condensate. Under
this condition the boiler must be operated at full capacity during

the winter if¥ heat is to be available for the drier.

Iﬁh The flowsheet is based on a condensate flow of 400 gpm. This is

the flow estimated to be produced by two wells when SMW are being:

’

generated. This quantity will supply the 3.4 million Btu’'s

required to supplant the boiler for greenhduse heating, and will

?

also provide heating for the mushroom drier.;r ', ‘{’ e
JvL&«JZ{. he- {uu»du4ub( ﬂaﬁldgééé? ﬁﬁbpu4of‘¢?52uugé haue.
| V-7 9% uqudktzl end. drier heot o ho ~4L-HL3;‘ﬂ'

}72{ In the summer, excess heating capacity will be availabléjat which
time some of the condensate should be diverted to the reinjection

well, 42-7.
E?é- The flowsheet includes 50% standby capacity for heat exchangers.
This is achieved by providing 2 units, each 5S0%Z of required

capacity, at the greenhouse and at the drier.

577 100% standby capacity is included for pumps. Power reliability
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should be reviewed to determine whether or not pumps should be
dual drive so that pumps could be engine driven in the event of

a power outage.

Storage capacity of the condensate receiving tank is shown as 24
hours and this requiremenf‘Shéuld be reviewed after the power
plant is in operation. The cooi condensate surge tank has a
capacity of 4 hours storage and this is not impacted by power

plant operations.
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" Rogers Engineering Co., Inc.

467 Hamilton Ave., Suite 29
Palo Alto, CA 94301 ‘ - September 9, 1986

_Mr. Thomas Canada
3390 Snoody Road
Bloomington, Ind. 47401

SUBJECT: Mushroom Facilities of Delano Development Corporation
Located at Sulphurdale, Utah

Dear Tom,

Enclosed is the information we have prepared concerning'the bropbsed pipeline
to supply heat for your Sulphurdale Mushroom Facilities.

Heat Requirements at this time:

5,000,000 Btu at Growing Plant
1,000,000 Btu at Dehydrators and Others ,
Total required = 6,000,000 Btu available at site.

Alternative Methods of obtaining this amount of heat:

1. Use of Condensate from M.E.I. Geothermal Electric Power Generating Plant.
1.1 For the condensate to meet the heat requirements above, the quantity
required must be 400 gallons per minute @ 200°F., and should be
. available at the starting point of the 6" FRP (Bond Strand) pipeline.
1.2 Condensate from.the Mushroom Plant must be pumped back up grade to
Injection Well #42 at elevation 6,440 feet (at least 400 feet above
Mushroom Plant) :

2. Use spring water available at Power Plant, and install Steam to Water

Heat Exchangers near Power Plant.

2.1 Pipeline would then be operating at 230°F. with hot water, but
should be 6" Steel pipe (not FRP) , and the quantity of water
would be approximately 330 Gpm ! :

2 Water could be discharged into the local drainage system.
.3 Steam required for this system would be approximately 30,000 pounds
per hour I s :

-
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-3. Use steam from Geothermal Wells #42-7A & 42-7B by tapping the steam
pipeline from these wells before the steam enters the Electric Power
Generating Plant. o
3.1 This steam pipeline would be 6" steel schedule 40 with 2" of

~ -insulation with expansion loops, and would be supported on stanchions

approximately 3 feet above ground.

3.2 The 6" steam pipeline would be receiving approximately 7,000#/hr
of steam at 275°F.

3.3 The condensate from the pipeline, Steam to Water Heat Exchangers, etc.

' would be approximately 15 Gpm.

3.4 We recommend an open holding pond to cool the condensate, and then
a 2" FRP buried line back to either the condensate tank at the
Electric Power Plant,  or to the -reinjection well: ’
The pump required for this reinjection line would be a 10 to:15 horse
power electric motor driven pump. ‘

. I am sending a copy of this letter, as you suggested, 'to Jay Haugh of M.E.I.
and will contact him concern1ng some of the problems on permits, etc.

Yours very truly,

Herbert Rogers, Jr.

encliosure: Sketch and cost estimate - alternate #3

cc :  Mr. Jay Hauth, Mother Earth Industries
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