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FOREWORD

During the summer of 195); several farmers, located adjacent to
the northwest boundary of the Rocky Mountain Arsenal, reported
that serious injury was done to their crops when well water was
uwsed for irrigation. There was a strong feeling among. these
farmers and others who were concerned with the problem that the
injury was caused by some toxic substance in the underground
waters, and that this toxic substance came from the Arsenal. The
Thited States Army Corps of Engineers negotiated a contract with
The Ralph M. Parsons Compary to determine the most econamical
measures that could be taken to reduce the possibility of con-
tamination of underground waters by the various industrial wastes
from the chemical operations at the Arsenal. A secondary phase
of the contract was to attempt to determine if there were a toxic
component in the water that could cause the crop damage and, if
possible, recommend corrective measures to eliminate this toxicity.

This report includes a study of the disposal of the chemical by-
products and wastes from a1l of the chemical operations presently
being carried out or contemplated at the Rocky Mountain Arsenal.
There is also an evaluation of all reasonable processes for
converting these by-products to saleable materials and a swrvey
of the potential markets for such materials, '

Qualified consultants were called in to assist in the study of the
problem of crop damage and various waters were amalyzed in an
attempt to identify the toxic constituents of these waters. Thelr
conclusions and recommendations will be presented and analyzed in
a supplemental report to be issued later.

The purpose of this report is to presemt the findings resulting
from a study of the problem, to analyze the possible remedies,
and. to make recommendations as to the most economical means for
reducing or eliminating the problem.
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STUMMARY

1. An extensive study has been made'of the problem of disposal
of chemical wastes from the various chemical plant operations
at the Rocky Mountain Arsenal. A market survey indicates
that a market exists for some of the pure hydrochloric acid
and all of the chlorine which could be produced at the Arsenal.
A material balance prepared for Flant No. 1 showed that 6 to
8 per cent of its product is being lost in its by-product
stream., Not only is it worthwhile to recover this valuable
material but the by-product acid must be purified of this
contamination before it is sold or used,

2. A study of the disposal of these wastes by all possible methods
which would avoid the risk of contamination of nderground
fresh water supplies indicated that the following series of
measures offered the most practical and economical schemes

a. .-Inmediately reduce to a practical minimum the volume of .
contamimted water discharged from all plants.

b, Immediately install an asphalt membrane seal in the
existing 112 acres of reservoirs for an estimated cost
of $667,000, and use for temporary disposal of plant
wastes. Flant No. 1 can be operated at about twenty —
per cent of capacity with this disposal facility.

c. Design and construct an acid purification plant for the
by=-products from Flant No., 1 for an estimated cost of
$2,050,000. Initiate a laboratory program for an
estimated cost of $5,000 to develop plant design data.

d. Design and construct facilities for neutralizing of
surplus acid and for transferring resulting brine to
existing evaporator plant, crystallizing and stockpiling
salt, These facilities are estimated to cost $1lk,500.

e. Produce and sell as much pure acid as can be absorbed by
the existing market, Neutralize any surplus acid and
stockpile resulting salt, .

f. Develop a process in the laboratory to purify the
chlorides produced from Plant No. 2. This laboratory
program can be initiated for four to five thousand
dollars,
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g. Dump all miscellaneous other wastes from the plants to
4he sealed reservoir system for solar evaporation.

This disposal scheme will require an estimated total
investment as sumarized below:

Sealing Reservoirs $ 667,000 -
Purification Plant- 2,050,000
Laboratory Programs (2) 10,000

Salt Stockpiling Facilities - 1hh,500
TOTAL PROJECT COST $2,871,500 -

It is estimated that this system will result in a
reduced operating cost for disposal of the chlorides
from Plant No., 1 below the cost of the present method
and in addition will recover eight to nine thousand
pounds of Plant No. 1 product per full operating day,
which is now being lost using the present operating
facilities and methods,.

Further investigation of the Grosvenor=Dow process for the
catalytic conversion of hydrogen chloride to chlorine

(as developed by Hercules Powder Compaiy) is strongly
recommended. On the basis of the data presently available,
this process offers the most dependable and economical scheme
for disposal of the chlorides from Flant No. 1. Hercules
Powder Company estimates that such a plant would require an
investment of $1,350,000.

Conversion of the pure hydrogen chloride to chlorine via salt
electrolysis in the existing plant is estimated to increase
the cost of chloride disposal from Plant No. 1 over present
or other proposed methods, We expect that conversion of the
crude acid to chlorine by this method would be inoperable or
considerably more costly than conversion of the pure acid.

A comparison of the investment and operating costs of these
various disposal schemes are given in Table I. ‘

5. With all of the plants in full production disposal of the

chemical wastes to sealed reservoirs or injection wells /
would be prohibitively costly both in investment and in
operation. These costs would be further increased if the
by-products from Plant No. 1 were dilute, as’ is necessary if
not purified of contamination with phosphorus and fluorine
compounds,
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TABLE I

SIMMARY OF ESTIMATED COSTS OF
DISPOSAL OF CHEMICAL WASTES

Basis: Plants in full production. Costs of pehabilitating existing
facilities not included. All methods, except upn expected to
recover 8 to 10,000 pounds daily of Plant No. 1 product.

Disposal Scheme ' Investment Operation
' $ _$/month
Method A - Present Scheme Not estimated 63,591
Neutralize and dump . but probably
to existing lakes; ' very small
Method B - Electrolysis to 2,747,000 90,L97
Chlorine;
Acid Purification Plant $2,050,000
Brine Transfer System 30,000
Sealed Reservcirs 667,000

Costs of electrolysis of
impure brine not estimated
because expected to be
jinoperable and would not
recover lost product.
Method C - Stockpiling Pure 3,056,900 95,238
Salt; .
Acid Purification Plant $2,050,000
Brine Transfer and

Solids Handling 141,500
Additional Storage 195,400
Sealed Reservoirs 667,000
Method D - Catalytic conversion ' k4,067,000 10-30,000

of HC1 to Chlorine;

Acié Purification Plant $2,050,000
Catalytic Chlorine Plant

(estimete by Hercules) 1,350,000
Sealed Reservoirs 667,000

Method E - Sale of some pure 2,861,500 51,695
HC1, stockpile surplus
as salt;
Acid Purification Plant $2,050,000
Brine Transfer and
Solids Handling 1L),500
Sealed Reservoirs 667,000
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TABLE I (Conttd)

Others: The cost of disposal of the entire waste streams to sealed

reservoirs without recovery of Plant No. 1 product was not
estimated because of the excessive volume to be handled
(500 to 600 gpm) and the loss of valuable material.
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CHEMICAL WASTE PROBLEM

STREAM SOURCES AND VOLUMES

The chemical wastes from the various plant operations are present-
1y being discharged as water solutions to a series of contaminated
lakes. A certain amount of water evapocration from these lakes takes
place, but the total volume of the discharges is presently so large
that only a portion of the water is eliminated in this way. The
level of these contaminated lakes remain essentially static because
of seepage of the waste water into the ground.

As most of the chemical wastes are water-soluble salts, the large
volume of water in which these salts are dissolved creates a very
difficult disposal problem, Solar or steam evaporation of these
dilute solutions would be prohibitively costly.

Measurement of the volume of water discharged by the various
chemical plants into the lake system is relatively crude but the
total instantaneous maximum quantity is approximately 1,000 '
gallons a minute. The average input to thé lakes amounts to about
570 gallons_a minute.

Investigation of the process water systems of the various plants
revealed the sources of the various streams going into the lake:

In the Chemical Corps Plant No. 1, an instantaneous use of 850 gpm
was measured during a peak operating peried in June 1955. though
there was no means for measuring the individual Water usages in

the plant, it is estimated that 40O to 600 gpm were used in baro-
metric condensers on steam jets, about 100 gpm in the gas scrubbers,

and the Test in equipment and floor washdown.

The brines discharged from the Plant No, 1 scrubbers must be kept
dilute to awoid plugging in the scrubberse If the present off-
gas composition continues, the highest average dissolved solids
content that could be maintained in this brine is about 5 per cent
by weight.. Disposal of 2,800 tons of solids a month, as could be
expected in future operations would require a discharge of

13 million gallons of water a month or about 300 gpm from the
scrubbers alones _'" '

The Shell Chemical Corporation are presently dumping about 100 gpm
of effluent into the contaminated lake. This effluent volume was
recently reduced from 185 gpm when Shell's plant producing
hexachlorocyclopentadiene, "Hex", was shut down and put in stand-
by. A large portion of Shell's present effluent is cooling water
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from shell-and=-tube condensérs. This cooling water is not present-
1y circulated into the normal Derby lake cooling system as there

4is a possibility of leakage in the condensers which would permit

Shellts product to get into Derby Lake, Shelll's products are quite
toxic to wildlife. Monitoring devices to detect such a contamina-
tion of the water stream are not considered to be dependable.

DISSOLVED MATERIALS

In the production of the various desired materials from the chemical
plants at the Rocky Mountain Arsenal, undesireable by-products are
also made and must be disposed of.

The principle by-product from the various operations is anhydrous
hydrogen chloride gas contaminated with other constituents., The
present plant practice is to neutralize this acid with an excess
of caustic soda and dump the resulting alkaline brine to the
primary contaminated lake, As these salts are water soluble, they
are being carried into the underground strata by the water seeping
from the lakes,

The significant quantities of salts that are being dunped into the
lake at present and the expected future quantities to be disposed
of are given in Table II .




TABLE 1I

QUANTITY OF SOLIDS TO BE DISCARDED

PRESENT
Sodium Chloride, NaCl
Sodium Fluoride, NaF
Sodium Hydroxide, NaOH(100%)

Sodium Methyl Phosphonate
CH3PO(ONa ),

Sodium Acetate and Sulfate

Total

FUTURE EXPECTED

Sodium Chloride, NaCl
Sodium Fluoride, NaF
Sodium Hydroxide, NaOH
Sodium Methyl Phosphonate
Sodium Acetate and Sulfate
Aluminum Hydroxide

Total

TONS /MONTH

Chen, Corps Chem, Corps Shell Chem,

Plant No. 1 PFlant No. 2 Corp. Total
Loo Nore None oo

Lo None None Lo
10 % None None 140
110 None None 1o
None None 130 130
690 None 130 820
1,630 1,349 None 2,979
163 None None 163
570 # None None 570
L75 : 125 None 600
None None | 130 130
—JNone 31 None 1
2,838 1,865 130 1,833

# This quantity of free caustic dumped to the lake results from the
present practice of using 140 per cent of the theoretical

requirements.

This excess quantity can and does fluctuate

according to variations in operational procedures.




THE RALIFT V. FPAROUWVINGOG WAJVIFANT

MARKET SURVEY

An extensive market survey was made covering all of the major
chemical companies concerned with manufacture and sale of
chlorine or chlorides in any form,

SODIUM CHLORIDE, NaCl

The following companies showed interest in purchasing sodium
chloride:

1. Morton Salt Company, Chicago, Illinois
Offered $8,00 a ton for 8 to 10 tons a day of "food grade®
salt.

2., Carey Salt Company, Wichita, Kansas
Offered $1.50-5.00 a ton for 15 tons a day of "food grade"
salt. Specified crystal sizes difficult to attain in
existing equipment.

HYDROCHLORIC ACID, HC1

The following companies showed imterest in the production of
hydrochloric acid at the Arsenal: -

1. Frontier Chemical Company, Wichita, Kansas
Offered $8.00 a ton, f.o.b. Denver in Frontier's
railroad cars, for 50 tons a day of 20° Baume HCI,
"food grade".
Offered $5.00 a ton, same freight terms and quan’c.:.ty,
for industrial grade 20° Baume HC1.

2. Hooker Electrochemical Campany, Niagara Falls, New York
Showed only mild interest, no price offering,

CHLORINE, C1,

The followihg companies showed interest in the production of
chlorine at the Arsenal:

1. Frontier Chemical Company, Wichita, Kansas
Offered $35.00 a ton, f.o.b. Denver in Frontier's
railroad cars, for entire output from Arsenal.




2. Hooker Electrochemical Company, Niagara Falls, New York
Showed considerable interest in purchasing chlorine but
made no price offering.

3. Columbia-Southern Chemical Corporation, Pittsburgh,
Pennsylvania

Showed considerable interest in chlorine and calcium
chloride but made no price offering. .

CHLORINE OR ANY CHLORIDE
The following companies were contacted concérning the production
of all possible forms of chlorine or chlorides from the Arsenal
and showed no interest in any of the possible products:
1. Allied Chemical and Dye Corporation
a., Solvay Process Division
b, General Chemicals Division
2. Dow Chemical Company
3. E. I. du Pont de Nemowrs & Company, Inc.
Lh. Stauffer Chemical Company
5. Diamond Alkali Company
6. Wyandotte Chemical Company

7. Westvaco Chlor-Alkali Division of Food Machinery Corporation

ALUMINUM CHLORIDE HYDRATE
The following companies were contacted specifically about the
purchase of aluminum chloride hydrate and despite the fact that
they are the major producers of anhydrous aluminum chloride,
showed no interest in purchasing the hydrate:

1, E, I. du Pont de Nemours & Company, Inc.

2, Hooker Electrochemical Company

3. Elberta Chemical Campany




ML MRAKID T V. I ML RS twieitiizy see s

HEMEDIAL MEASURES

REDUCTION OF WATER WASTE

The volume of water used and discarded in both the Chemical Corps!

and Shell's plants can and should be reduced to 2 minimum as soon
as possible and independently of any other action.

At the recommendation of The Ralph M. Parsons Company, pumps are
being installed and the necessary piping changes being made so
that the water required for the steam jet barometric condensers

in Plant No..1l can be recirculated over the cooling tower, instead
of being used "once through" and drained to the contaminated lake.,

This modification to the plant is expected to reduce the water
usage and wastage by more than 50 per cent, or 10 million gallons
a month at presemt levels of operation.

Negotiations can and should be initiated with Shell Chemical
Company:

1. To require that Shell reduce the volume of thelr plant
effluent to a practical minimum, This requirement
could involve the installation of a cooling tower by
Shell to recirculate all of the cooling water that is
now being dumped to the contaminated lakes.

2. To require that Shell install a flow measwring device
(2 £flume and weir would be satisfactory) with a per-
manent flow recorder and divert all of their effluent
streams through this device.

3., To require Shell to report daily average flow and
chemical analysis of effluent to the contaminated lake,
TEMPORARY DISPOSAL OF DISSOLVED SOLIDS
As will be pointed out in later sections of this report, a

permanent system of disposal of the chemical wastes produced by
the various plants at full production will require considerable

" ¢ime for installation. Temporary provision for the disposal of

these wastes can be made relatively rapidly by installing a
water-tight seal on the bottom of reservoirs and containing
these waste streams for solar evaporation of the water.-

10
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Present operation of Plant No. 1 is at a considerably lower rate

than the maximum plant capacity for which permanent waste disposal J—r P
facilities must be provided, After the necessary changes have //)J Fert
been made in Flant No. 1 to recirculate the cooling water used /<0

in the steam jet barometric condensers, and with the instigation
of water conservation programs in the various plants, it appears
entirely possible to limit the total volume of effluent from all
plants to an average of less than 150 gpm., This average flow is
based on The assumption that Shell cin make same changes in their
plant to reduce the volume of effluent from their plant to 50-70

and that the average flow from Flant No. 1 can be reduced to
50-70 gpm. The reduction of average effluent from Flant No. 1 to

This Iow level would have to be accomplished by operation of the

plant only a part of the time. To illustrate this point; an
instantaneous discharge of 200 gpm would be satisfactory if the
plant were operated only 25 to 30 per cent of the time,

Data obtained fram the United States Department of Commerce,
Weather Bureau Records, show an average evaporation rate of water
in the Denver area of L7# inches a year, exclusive of rain and

snowfall, Using an average value for precipitation of 1L inches
a year, the net calculated loss of water from open ponds would
be 33 inches a year, This is equivalent to about two gallons of
water a mimute lost from an acre of pond area.. To give a margin
of safety, the pond area required will be based on 1 gpm of
evaporation per acre, To dispose of the minimum total discharge
from all the plants, a sealed reservoir area of about 150 acres
will be required.

Our measurements of the area of the following existing reservoirs
is as follows:

Reservoir #C® -~ 67 acres
Reservoir "D* -~ 8 acres
Reservoir WE"' - 22 acres
Reservoir "F" - LS acres

Total 142 acres

A11 four reservoirs should be sealed to provide sufficient _
capacity for the effluent volume assumed above, The location of
these reservoirs and the necessary ditches and canals is shown on
Drawing No, 1113-AD7 at the end of this report.

# No data available for five winter months so loss for this
period extrapolated from sumer data.

=
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Cost of Sealing Reservoirs

In the course of our study of methods for sealing the bottoms

of reservoirs, the Bureau of Reclamatimn was contacted for advice
and suggestions on this problem. Mr. Walter Price* commented
that a bentonite seal should be effective for this service and
might be the most economical material to use., He pointed out

. that a similar study had been made by the Bureau in 1942 for a

caustic storage pond, Apparently, in that proposed service of
lining the caustic pond, the 50 per cemt caustic to be stored
would have had a strong dehydrating effect on the bentonite
and thus prevent a seal from forming. The brine to be stored
in this new service should not act in this manner and therefore
chances for a good seal are better. :

There are a mmber of factors in the use of bentonite which
could not be determined at this time, A swvey would have to

" be made to determine the nearest source of a suitable clay for

this purpose. Tests would have to be conducted to determine
the effectiveness of bentonite for storing this brine and the
thickness of the clay layer required to insure'a tight seal.
These determinations could probably best be made by the Bureau
of Reclamation,

The use of a sprayed catalytically-blown asphalt membrane,
protected by a layer of dirt, gravel, asphaltic concrete, et
cetera, is a relatively widely used technique for sealing
reservoir bottoms, This membrane generally gives excellent
service and long life, Failures have occurred in some installa-
tions usually due to faulty sub-grade preparation or asphalt
application., Inspection of the installation is difficult as the
physical appearance of the asphalt layer can be good whether the
layer is a proper 3/8 inch thick or merely a very thin coat.

~ However, with good supervision and proper care, the installation

can be practically perfect.

The cost of installing sprayed and brined asphalt membrane to -
seal the bottoms of the four reservoirs listed above and total-
ing approximately 142 acres and the necessary ditches and canals
is estimated to be $667,000. A breakdown of these costs is
given on Table III. ,

In the preparation of this estimate it was assumed that Reservoir
nch would have to be excavated to an average of one foot -deeper
than it is presently to get to a subgrade with sufficient bearing
strength to support heavy equipment and yet retain the smooth
finish grade required for the membrane application. The cover

# Chief, Division of Engineering laboratories, Bureau of
Reclamation, Denver Federal Center, Denver, Colorado

12
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material would be fresh ®“borrow" ':t‘rom the surrounding area,

A considerable amount of excavation would have to be done to
prepare the ditches and canals for lining, A very shallow slope
would be required on ditch sides to keep the protective cover
from sloughing off,

In all cases, we have assumed that the application of 2 gallons
of asphalt per square yard would be satisfactory and that the
proper grade of asphalt would have to be shipped into the Denver
area from major petroleum refining areas 1,000 miles awy, If
further insurance of a perfect seal is desired, the thickness

of the asphalt layer can be increased to 3 or even k gallons

per acre, at a correspondingly higher cost, In our opinion,
however, proper attention to insure a good installation would
result in a satisfactary seal at the most reasonable cost,

The use of prefabricated asphalt panels was considered for this
application as this technique would probably insure a more
impermeable seal of the reservoirs, However, the cost of such
an installation was estimated by Globe Engineering Company using
Envoy Petroleum Company's panels to be $0.33 per square foot on
a prepared subgrade, or about 3 times the cost of a sprayed
asphalt membrane,

13
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TABLE III

ESTIMATED COST OF INSTALLATION OF ASPHALT MEMBRANE
UNDER RESERVOIRS FOR ROCKY MOUNTAIN ARSENAL

Unit Cost Total
) Cost Ext. Cost
Description and Units Quantity $ $ $

Reservoir "D", 8 acres
Reservoir "E®, 22 acres
Reservoir "F", L5 acres
Blading (Level grading) sq.yd. 363,000 0.08 29,000
Asphalt membrane lining, gal. 726,000 .22 160,000
Blanket backfill, cu.yd. 121,000 «55 _66,600
Total 255,600

Reserveoir "C", 67 acres
Grade off 1 ft. and
waste, cu.yde e 108,200 40 143,300
Asphalt membrane lining, gale 649,000 «22 143,000
Blanket backfill (borrow)

Cu..Ydo 108 ’200 .% ﬂaloo

Canals, 11,500 lineal feet .
Rehabt litate Sand Creek
Lateral

Excavation 1 ft. stockpile

and re-use, cu.yd. 5,540 2.00 11,100
Asphalt membrane lining, gale. 34,000 00,22 7,500
Backfill, added rock and

compacted, cu.yd. 54540 1.50 _8,300
Total 26,900

Ditghes, 7,500 lineal feet
Rehabilitate existing

Excavation 1 ft. stockpile
and re-use portion, cu.yd. 6,670 1.75 11,700
Asphalt membrane lining, gal. 22,200 0.22 4,900
Backfilled, added rock and
compacted, cu.yd. 6,670 1.50 10,000
Total 26,600




TABLE III (Cont'd)

Unit Cost
Cost Ext.
Description and Units Quantity _$ $
Ditches, 3,500 lineal feet
New ,
Excavation, cu.yd. 3,120 1.90 5,900
Asphalt membrane lining, gal. 10,360  0.22 2,300
Backfill, added rock and
compacted, cu.yd. L,685 1.50 2
Total
TOTAL BASIC CONSTRUCTION COST /
Contingencies {10 $56,020
Engineering and Supervision 9% 50,118
Sub-total

TOTAL ESTIMATED PROJECT COST

Total
Cost

10,700
$560,200

106,438
8666,638
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CLEAN-UP OF HYIROGEN CHLORIDE FR(M FLANT NO. 1

Need for the Clean-up

p—

The basic philosophy of our approach to the problem of the disposal '
of chemical wastes is to convert these waste chemicals to materials .
which are saleable and for which a market exists. -
Our survey indicates that markets exist for chlorine and same hydro-
chloric acid, with chlorine being the only chemical for which the

market is diversified and large.

Commercial users of hydrochloric acid have not established purity
specifications covering phosphorus and fluorine as these are not
normal contaminants in hydrochloric acid, Discussions with acid
marketers indicate, however, that these contaminants should be
practically completely excluded for the acid to have a ready market,

In converting hydrogen chloride to chlorine by any of the known
processes, the effect of the contaminants, phosphorus and fluorine,
~ is unknown., Neutralization of the crude acid followed by electroy-

sis of the brine to produce chlorine might result in a number of
difficulties:

1. The caustic scrubbers in the plant salt up and plug very
rapidly if it is attempted to produce a brine stronger
than 5 to 10 per cent. This dilute brine could seriously
effect cell efficiency and would be likely to shorten
anode and diaphragm life considerably.

2. Recycling of the caustic cell liquor to the scrubbers
for further acid neutralization and brine production.
would permit a build up of impurities. There is no known
method for separating the impurities from a sodium
chloride solution,

3., Present operation of the scrubbers requires an excess of
caustic be used to insure decontamination of the gases,
This excess caustic must be neutralized before the brine
is electrolyzed if good cell efficiency and life is to be
obtained,

The Grosvenor-Dow process for production of chlorine from hydrogen
chloride is catalytic rather than electrolytic., The acid feed gas
to this process must be pure to insure long catalyst life,

16
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Recovery of Valuable Impurities

1. By Refrigeration: Purification of the by-product
hydrogen chloride gas from Flant No. 1 can be accomplished most
readily by greatly reducing the temperature of the acid gas
streams before they leave the main process, These temperatures
can be reduced by increasing condenser surface area and
refrigeration capacity. This would result in the recovery of
enough of the Flant No. 1 product to increase efficiency 6 to
8 per cent.

The Step IV off-gas is presently cocled to 83=90° F by a circulat-
ing methylene chlaride liquid stream at 77° F. This condensing
system was designed for a condensate which would solidify at about
80-90° F. In normal operation at presemt, the off-gas scrubber is
completely or partially by-passed, When this is done, the phospharus
compound taken off in the hydrogen chloride gas is many times more
volatile than the compound for which the unit was designed and has

a freezing range between =30 and -4i0° F,

Tt is recommended that a second condenser be installed on the acid
gas streams after each of the existing Step IV off-gas condensers
in each of the three bays, This new condenser would be chilled
by the existing 10° F methylene chloride stream, Our design (see
Flow Sheet No. 1113-AE; at the end of this report) calls for a
unit which would reduce the off-gas temperature to 25° F.

The condensers in Step V have no excess capacity over the original
design production rates, At the higher rates contemplated, they
will be considerably undersized., The off-gases frcm the Degas
and the Distillation condensers are presently cooled to between
45 and 80° F, (depending on production rate) using the 10° F
methylene chloride liquid as the cooling medium,

It is recommended that the existing condensers in each bay be
replaced with considerably larger units and that a much colder
refrigerant be used for cooling, These existing condensers cannot

" be kept in service and merely supplemented with other condensers

in series because the pressure drop (at high production rates)
across the existing units is too large to permit the installation
and operation of acid recovery equipment on these gas streams,

Our design (see Flow Sheet No, 1113-AEL) calls for condensers to
cool the gas streams to -40° F using direct expansion of Freon at
=500 F in the condenser tubes, This system will require the

addition of a refrigerating machine with a capacity of about 200
tons at =500 F for operation of three bays at the specified full

17




production rates.

These modifications and additions to the existing plant will reduce
the loss of phosphorus compounds in the acid off-gas from an estimat-
_ed 10,000 pounds a day at full production rates in the present plant
equipment to something less than 1,000 pounds a day.

2, By Compression and Condensation: It appears to be
entirely feasible to use a mechanical vacuum pump on the off-gases
from Step V instead of the presently used steam jets., Piston
compressors made of cast iron give excellent service pumping
anhydrous hydrogen chloride in many chemical plants, With certain
precautions a cast iron vacuum pump should operate successfully on
the Step V off-gas,.

The only apparent hazard in this scheme is from the occasional
introduction of water into the system, The presence of even minute
quantities of water in the hydrogen chlaride would cause rapid and
severe corrosion of the cast iron vacuum pumps,

Water is put into the reaction system to wash down and decontaminate
the equipment prior to maintenance. At such a time, however, the
vacuum pump would not be running and could be valved off,

During start-up, while same water is in the system, the existing
steam jets should be used to reach operating pressures before the
flow is switched to the vacuum pump to maintain the desired low
pressure, This start-up procedure avoids two problems:

a, The motor horsepower required for the pump will
be minimized.

b. Any water vapor in the vent lines will be swept
out and replaced with process gases, same of
which should be excellent dessicants,

Compression of these off-gases would permit practically complete
recovery of the product and valuable reactants presently being
lost in the off-gas stream, Our calculations show that the use of
a mechanical vacuum pump would permit the recovery of 500 pounds

a day more of these materials than would be recovered using refri-
geration alone., Therefore, despite the high initial cost of the
vacuun pump, about $500,000, the economics would favor such a
scheme,

We, therefore, recommend that 'pilub scale tests be run on the use
of a cast iron piston vacuum pump to maintain the required low
pressure in the Step V Degas and Distillation section of the plant.

18
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These tests could be conducted in the present plant relatively
cheaply. A satisfactory test program would be as follows:

a. Tap into the existing Hastelloy vent line from
Step V Degas or Distillation Columns and install
a Hastelloy block valve.

b, Connect the suction of a cast iron vacuwum pump
to this take-off, '

¢. Return the discharge of the vacuum pump to the
vent line through a presswre control valve and
a Hastelloy block valve,

d. When the operating pressure (vacuum) has been
reached using the steam jets, start the vacuum
punp and determine for how long the pump can
maintain its differential pressure, The pump
would have to be fitted with a gas seal using
Ybone~dry" air or nitrogen in the seal to prevent
leakage of wet atmospheric air into the pump,.

3. By Absorption in an Inert Solvent: The use of an inert
wash solvent to scrub the desirable constituents out of the hydrogen
chloride off-gas was considered and discarded., An efficient absorp-
tion system cannot be made to operate efficiently on a gas at the
low pressure of the Step V off-gas,

Final Purification of Hydrogen Chloride

After the recovery of as much as possible of the valuable con-
stituent in the by-product acid gas stream, further purification
will still be required if the acid is to be sold or comverted to
chlorines This final purification is accomplished by absorption
of the crude gas in water, followed by distillation and finally
re-absorption of the pure hydrogen chlaride,

.Our design (see Flow Sheet No, 1113-AE}) calls for the absorption

of the Step V acid gas in a recycled weak acid of about an
azeotropic mixtwre to minimize vaporization of the absorbent. The
acid strength increases from about 20 per cent to about 27 per cent
in the vacuum absorber, The 27 per cent acid is then pumped to

the atmospheric absorbers where the Step IV off-gas is absorbed.
The resultant acid fram the atmospheric absorbers is about 32 per
cent by weight HCl. Identical absorption systems are specified for
each of the three main processing lines and this equipment will be
inside the main processing building.
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The strong (32%) acid from each of the three parallel absorption
systems is pumped to a common surge drum outside of the process-
ing building for further processing as a single stream. The acid
is pumped to the Primary Acid Distillation Colum from which hydro-
gen chloride and water are the only overhead products., The bottams
products are the 20 per cent HCl-water azeotrope, hydrofluoric
acid, isopropyl alcohol and methyl phosphonic acid,

The hydrogen chloride-water overhead product from the Primary
Column is re-absorbed in water to form pure 20° Baume hydrochloric
acid and stored in two 50,000 gallon rubber-lined steel tanks
until sold. The gaseous or aqueous acid can also be further pro-
cessed to produce chlorine, :

The bottoms product from the Primary Acid Column is recycled to
the acid absorbers, A portion of this bottoms stream is pumped

%o the Secondary Acid Column where most of the hydrochloric acid
is taken overhead contaminated with hydrofluoric acid and recycled
to the absorbers, '

The bottoms product from this secondary column must be disposed of.
It consists of isopropyl alcohol, hydrofluoric acid, methyl phos-

. phonic acid and some hydrochloric acid,

It is estimated that the necessary equimment to refrigerate the
entire volume of off-gases from Flant No. 1 at full production,
and to convert this gas to pure acid, will cost $2,050,000 {see
Table IV). This estimate includes the costs of engineering,
purchasing and construction of the facilities as given on the
Process Flow Diagram No. 1113-A¥L, as well as the new 200 ton
refrigeration machinery which is required, The condensers and
absorbers shown on the Flow Diagram as being inside the building
are to be installed inside the existing process building during

a complete plant shutdown, The equipment shown as being outside
is to be located in an asphalted area adjacent to the existing
process building, No shelter is provided for this outside equipment,
The new refrigeration equipment is to be installed in an existing
building near the process building, o

This proposed acid purification plant is estimated to produce 3000
tons 2 month of purified 20° Baume hydrochloric for $6.21 a ton.
A detailed breakdown of this production cost is given in Table V.

T+ should be noted that to attain reasomable operating flexibility,
additional facilities will be required to convert the acid to a
neutral brine and transfer it to the existing brine storage tanks

20




THE KALFM V. FAIRODJING Wi autl-mitt

159k

in the chlorine plant for evaporation and stockpiling as crystalline
salt, These facilities are estimated to cost an additional $1Lk,500.
The details of this cost estimate and of the equipment requirements
are given in the section of this report entitled "Disposal of Puri-
fied Hydrogen Chloride®, Method E, page 30.

The plant designed to perform the above purification is somewhat of
a compromise over what could probably be done if more process
information were available. The lack of information makes necessary
the use of ample safety factors in order to be sure of having enough
capacity in the plant. An extensive literature search was made to
f£ind data on the termary system HCl-HF-H,0, or on the three possible
binary systems, HC1l-H,0, HF-H50 and HC1-HF, No data whatsoever
were found on the termary system nor on the HC1-HF binary. As
expected, dzta were also lacking for the effect of isopropyl alcohol
or of methyl phosphonic acid on this distillation system, We are
relatively sure of the operation of the Primary Acid Column and the
production of good quality acid, The capacity of this column is
probably larger than is required. .

The Secondary Column is the weakest part of the design. No column
calculations could be made for the termary system HC1-HF-H,0.
Furthermore, it was assumed that isopropyl alcohol forms i%s normal
azeotrope with water and does not azeotrope with the methyl phos-
phonic or other acids. The operation of the Secondary Acid Column
is not critical however, and we expect it to operate reasonably
satisfactorily. .

We strongly recommend. that data be developed in the laboratory on
the distillation of this mixture prior to the final design and
jnstallation of this plant. The cost of such a program should be
under $5,000 and would possibly save many btimes this amount in
the final cost of the plant.

Until these missing data are developed, no guarantees can be made
of the production capacity of the plant or of the quality of the
products.
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Basis:

TARLE IV

ACID PURIFICATION PLANT
INVESTMENT COST ESTIMATE

Plant to be added to existing Plant No. 1 to recover, and return

to process 8 to 10,000 lbs. a day of phosphorus compounds
presently being lost in aci.g off-gas streams, and to produce
3,064 tons/month of pure 20 Baume hydrochloric acid from the

off-gases of Plant No. 1 at full production.

Basic Plant Cost
Contingency 10%

PLANT CONSTRUCTION COST

Process Design-
Field Check of Existing Plant
Architect-Engineer Design

(Rehabilitation and New Facilities) 5.9%

Administration, Inspection and
Supervision

TOTAL PROJECT COST

3.1%

$1,693,000
169,000

$1,862,000

10,000

10,000
110,000

58 ,000
$2,050,000
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TABLE V

ACID PURIFICATION PLANT
PRODUCTION COST ESTIMATE

Basis: Separation of waste gases from Plant No. 1 to get pure HCl gas
which is absorbed in water to form 3,06l tons/month of 32.5
weight per cent acid.

Investment

Process $2,050,000
Raw Materials Basis UnitsMo $/Mo $/Mo
Waste Plant Gases tons 1,046 -- .
Total --

Utilities

Steam $ 0.63M 1b 7,100 L,L480

Electricity 10.00/M kwh 280 2,800

Water 0.02M gal 70,000 1,400

Total 8,680

Processing '

Labor and Benefits 2.55/MH. 1,125 2,865

Supervision L60

Repairs (labor) 2.68 MH 675 1,810

Supplies 1,800

Total 6, 935

Non-Processing

Gen. Admin. and Office 10% of Processing 69l

Miscellaneous L0% of Processing 2,770

Total 3,h6L

GROSS PRODUCTION COST 19,079

Gross Acid Cost = $19,079 = $6.21/ton

3,0
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DISPOSAL OF PHOSPHORUS RESIDUES FROM FLANT NO. 1 .

Results of tests conducted under the supervision of Dr. Arthur
S. Newman showed that methyl phosphonic acid can be toxic to.
plants, Chemical amalysis of the water from a well on Arsemal
property shows that methyl phosphonic acid can move with the
underground waters, Therefore, it seems important to keep
solutions of this material from getting into the underground
water supply. The only practical method for converting methyl
phosphonic acid to a non-toxic phosphate is to heat to 10000 ¥
or higher. The only other disposal technique that can be used
would be to lagoon this waste stream in a sealed reservoir,

Recommendations

The alternatives in the disposal of phosphorus residues from
Flant No. 1 are stated here, together with the recommended
course of action for each: -

1.

2.

If the only phosphorus residues to be discarded

are those contained in the bottoms from the
Secondary Acid Colum, discussed previously, and the
recommended new condensers and refrigeration
equipment are installed, the total phosphorus

wastes will amount to considerably Yess than 1000
pounds a day, This quantity would not be enough to
warrant rocessing and should be pumped to the
sealed lake.

If the residues from the Final Stripper of the main
process are to be discarded in addition to the
residues from the Secondary Acid Column, the quantity
of phosphorus wastes will amount to over three tons

a day, This larger cquantity is probably too much

to send to the sealed lake and should be converted

to phosphates.

The conversion of methyl phosphonic acid to ealcium phosphate is
accomplished as follows:

1.

2.

Decontaminate the Final Stripper residues with water
in the existing decontamination tanks.

Combine the residue in the decontamination tanks
with the .residue_ from the Secondary Acid Column.
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3, Pump the mixture to the Blending Tanks, T-1, T=2
or T-3 shown on Flow Diagram Calcium Phosphate
Fertilizer Plant Drawing No. 1113-AE2, and neutra-
1ize the acid stream with excess crushed limestone.

L. The limestone and neutralized acid slurry is fed to
"a roaster and calcined in an oxidizing atmosphere
at 15000 F. This heating converts the feed mixture
to a crude calcium phosphate containing excess lime,

S, The crude phosphate is then cooled and stock-piled
for future sale,

A detailed discussion of the calcium phosphate plant follows:

Calciunm Phosphate Fertilizer Flant

The crushing section of this plant is designed for 6 inch rock or
smaller. lLarger rock would greatly increase the cost of this
portion of the plant as it would necessitate two stage crushing
in order to reduce the feed to the 1/2 inch size required for the
ball mill. In a plant with the small capacity of this one, the
feed lump size to the crusher, and not the capacity, is the con-
trolling factor in the size of the machine,

Crushed rock storage has been eliminated to minimize the capital
cost of the plant as this eliminates the need for additional
conveyors and feeders, This does require continuous operation
of the hammer mill, but due to the small capacity, maintenance
will not be excessive, Incoming raw limestone rock would be
dumped directly imto the crusher feed bin by the vendors trucks,
after the storage pile and ramp has been built up to required
height and capacity. This pile would only be used in case of
non-delivery of limestone. Three ten-ton loads per day will
charge the bin under normal conditions,.

Tn order to maintain continuous operation of the rotary kiln, two
blending tanks bave been specified with a total storage capacity
of L hours plus one hour reserve in kiln feed tank, Five hours
capacity ahead of the kiln should be ample time for changing or
reversing hammers, liners, et cetera, in the hammer mill,

The grinding section (1/2 inch to 80%-100 mesh) should operate
continuously for months, It is estimated that the ball consump-
tion will amount to about 1-1/2 to 2 pounds per ton of feed,
Ball storage of 3 tons has been provided adjacent to the mill.,
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The standard dust chamber has been provided for the kiln without
additional dust collectors, The collected dust from this chamber
is sucked out imto the suction inlet line to the kiln draft fan
and blown up the stack, If this is found to create an undesirable
dust condition in the plant area, space has been provided for the
installation of a Multiclone collector, or a scrubber, next to the
above chamber, The collector or scrubber would be served by the
same kiln draft fan, with a minimum change in the fan suction line.

The finished product is piled by a belt stacker, moving in an are
of <0° The pile has triangular cross section, being 21 feet
high at the apex with a base of 60 feet, This gives a storage of
about 1080 tons, or 60 days storage., Two 100 feet lengths of
garden hose with a "fog nozzle" are provided to keep the surface
of the pile damp enough to prevent dust loss., If it should be
found necessary to add additiomal hoses, this can easily be done,
A l-ton payloader is provided for loading from the product pile
into trucks, If the limestone delivery trucks should not be in
operation, due to strikes or bad weather, the payloader would be
used to load lime rock imto the crusher feed bin from limestone
storage, which would take about 3 hours.

Tt should be understood that if the market later requires a
finished product of uniform size, an additional small crushing,
screening and bag packing plant would be required, to be placed
ahead of the final stockpile. .

Tt is estimated that design, purchasing and construction of this
p:l.an'l:s to dispose of up to 10 tons of methyl phosphonic acid (ary

basis) a day, would cost approximately $610,000. The breakdown
on this cost is as follows:
Direct Construction Cost $L53,650
Construction Contractor's Overhead 10% _L5,350
Sub=total $1,99,000
Contingency 10% 49,900
Sub=total $31,8,500

Construction Contractor's Profit 7% 38,100

TOTAL CONSTRUCTION COST - $587,000
Engineering and Supervision 6% 35,000
Administration 32 18,000

TOTAL PROJECT COST $6110,000
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DISPOSAL OF HYDROGEN CHLORIDE

Dicussion

The results of our survey indicate that a market exists in the Denver
area for an average daily quantity of about 50 tons of 20° Baume
hydrochloric acid. If the production from Plant No. 1 is limited

so that the by-product acid production is less than 50 tons a day,
the production and sale of this acid; as such, is clearly the least
expensive program for disposal. If; however, the production of

Plant No. 1 reaches the rate presently considered to be the maximum,
much more than 50 tons of acid must be disposed of daily. In this
case, the only method for which data is available for getting rid of
the surplus of acid would be neutralization with caustic soda to form
a sodium chloride brine, followed by either electrolysis to produce
chlorine, or crystallization and stock piling of the solid salt.

If the salt is stock piled and production continues, eventually
enough salt will accumulate to justify or force full scale operation
of the existing chlorine plant to electrolyze the salt to chlorine.

" The stock of salt will be used up, electrolytic operations will stop,
-and stock piling will be started again, Thus, pending receipt of

data from Hercules Powder Company, the long range alternatives for
taking care of the salt from the surplus acid are that it shall be
either continuously or intermittently electrolyzed to chlorine and
caustice ' . '

The five principal methods for disposing of the by-product hydrogen
chloride from Plant No. 1 are described and evaluated in the following

- pagese

Method A, Present Disposal Method: The crude hydrogen chloride
gas streams are not purified, but are absorbed directly in dilute.
caustic soda solutions in gas scrubbers. An excess of caustic is
used and the alkaline brine that results is pumped to the contaminated
1akes, In Table V1 on page 31 the operating costs by this method are
estimated to be $63,600 a month for the assumed full Plant No. 1
production rate. As almost all of the operating cost by Method A is
in the caustic soda used, the monthly cost can vary considerably with
changes in operational procedures. The calcilated cost of this
method is based on the present (June 1955) plant usage of 140 per
cent of theoretical required for exact neutralization.

Method B, Continuous Electrolysis to Chlorine and Caustic: The
purified hydrogen chloride, in the form of a strong aqueous acid, is

exactly neutralized with dilute caustic soda solutiom. The pure
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NaCl brine is pumped to the existing chlorine plant and electrolyzed.

At the assumed operating.rate, 1,090 tons/month of NaOH reacts with
996 tons HCL to form a 15 per cent brine composed of 1,600 tons NaCl
and 9,060 tons of water, This brine is pumped through a new pipe~
line to the cell liquor storage tanks in the chlorine plant at an
average rate of 6L gallons a minute.

The salt is converted to chlorine and caustic soda generally using
100 cells or about 1/L the capacity of the existing electrolytic
chlorine plant. To match this small load, the capacity of the
evaporator system is reduced by using only one evaporator body.
100 cells will not take care of all the salt, so periodically
another line of 100 cells must be added and used until the accum-—
ulated salt surplus is consumed,

The chlorine produced is sold and the caustic is periodically
returned to the Plant No. 1 caustic storage tanks through the same
pipeline as used for the brine.

The operating costs by this method are estimated at $90,500 a
month. See Table V11 on page 32. This includes a charge of

- 86,21 a ton for the purified aqueous hydrochloric acid (see Table

V on page 23) allowing credit for the chlorine and caustic. The
investment required is estimated to be $2;7L7,000.

Brine could be conveyed to the chlorine plant by tank cars. The
initial investment would be smaller; i.e., about $8,000 to give

ten tank cars a corrosion resisting coating,; but the mech larger
operating costwould make this the more expensive method within

two years.

Method C, Evaporation and Stockpiling of Salt: The process
for Method C is the same as for Method B up to the point where the
brine is recieyed in the cell liquor storage tanks of the chlorine
plant. The fifteen per cent brine is then evaporated in the existing
évaporator to produce a slurry of crystalline salt. An automatic
batching centrifuge is to be installed %o dewater the crystalline
salt, which is to be stored outside on the existing concrete slab.
If Plant No. 1 continues to run at the assumed rate for more than
a year, another concrete slab will be built to increase the outdoor
storage capacity to take care of a total of three years output of
salt. The new slab, like the existing one, will be designed to
allow the salt to be removed from storage as a brinee

The process steps and equipment required are illustrated in the
Flow Diagram for Method C, Drawing 1113-AE5, placed at the end of
this reporte. ' '
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The operating costs by Method C are estimated at $95,200 a month
(Teble VIIT on page 33). About two-thirds of this cost consists of
the charges for the caustic and the pure aqueous HCl. FNo credit is
allowed for the salt since none of it is expected to be sold. The
process investment is estimated to be $3,056,900 including the
supplementary investment of $195,400 to be made after asbout twelve
months of operation to add another storage sleb and extend pipe-
lines and conveyors.

Tt is important to note that, while the salt from the Sharples
centrifuge will be dry enough to be conveyed to outside storage,

it will need to be kiln dried if it is to be sold for any of the
more common s&lt uses. - The necessary drier, storage silo, end
conveyors are estimated to cost $66,400 installed, The limited
local market for the salt (see Market Survey section of this report)
does not justify this investment, so the cost of the kiln drying
equipment is omitted from the process investment for Method C as
shown in Tsble VIII. S

Method D, Catalytic Conversion to Chlorine: This process has
been developed by Hercules Powder Company in a small commercial plant

with sbout the same-capacity as is needed to take care of the assumed
rate of HC1l produetion from Plant No. 1, In Method D the stream of
purified HC1 gas will go through a low temperature drying operation
instead of being sbsorbed in water as in Methods B and C. The dry
gas then is sbsorbed by ferric oxide.in the first Hercules process
reactor, producing ferric chloride; The ferric chloride is moved

to the second Hercules process reactor where it is oxidized by alr

or oxygen to yield chlorine gas and ferric oxide.

Tail gases from the first reactor will go through & new scrubber in
vhich caustic will remove the last traces of HCl, The salt in the
brine from this final scrubber is assumed to amount to about 2 tons/
day. The brine from &ll these scrubbers will be pumped to the con-
taminated lake.

The chlorine from the Hercules process will be recovered by low
temperature liquefaction and sold as liquid chlorine.

The process investment for the chlorine plant is estimated by Hercules
Powder Compeny to be $1,350,000 and to produce chlorine for $34.66

a ton (See Table IX, page 34). The total investment for this dis-
posal scheme is estimated to be $k,067,000.

_Hercules has been operating this plant for about two years on an

experimental basis., They have indicated that the process has now

29




THE RALPH M. PARSONS COMPANT

Fd
£
X
R

been firmed up and most of the "bugs" eliminated, A detailed cost
breakdown has been promised us within the next few months. Our
analysis of their data and recommendations on the application of
this process to the problem at Rocky Mountain Arsenal will be sub-
mitted as a supplement to this report.

Method E, Sale of Acid, Stockpile Surplus as Salt: Method E
is a variation of Metnod C in which a large portion of the pure hy-
drochloric acid is sold as acid. Only the residual unsold acid is
converted t o brine, evaporated, and the salt stock-piled.

The present market capacity for hydrochloric acid in the area is
estimated to be 1500 tons/month of the 31.2 per cent grade, (L68
tons anhydrous HCl)e The surplus (equal to 528 tons anhydrous HC1)
is neutralized with 578 tons NaOH (100% basis) to form 8i6 tonms
NaCl in a 15 per cent salt brine. Evaporation of 14,768 tons/month
of water is required.

With this smaller evaporation load, it may be more economical to
£i11 all the available storage capacity of the chlorine plant with
brine from Plant No. 1 before starting up an evaporator, then to run
the evaporators at the maximum rate, using all the effects, until
the stored brine is exhausted.

The equipment for Method E is the same as for Method C, except that
two automatic batching centrifugals may be needed to dewater t he salt
crystals when the evaporator plant is run at full capacity. The
process investment is therefore increased by the estimated installed
cost of one centrifugal. The operating cost by this methed is es=-
timated to be $51,700 a month, allowing a credit for the acid sold
at $5.00 a ton of aqueous 31.5 per cent hydrochloric. There is a
sizeable saving over other methods by the reduction in requirements
for caustic (Table X, on page 35). The process investment is es-
timated to be $2,861,500. After about 13 months operation at the
assumed rate, the storage slab will be full and it will be necessary
to make the same supplemental investment that Method C requires after
12 months.

30




THE RALPH M. PARSONS COMPANY

Tz

1597
saf

2-55

Basis: Present method. Absorption in caustic of crude gas containing

TABLE VI
DISPOSAL OF HYDROGEN CHLORIDE

Method A: Absorption in Caustic,
Brine Pumped to Contaminated Lake

OPERATING COST ESTIMATE

impurities and 996 tons/month of HCl, followed by pumping
dilute, alkaline brine to the contaminated lake.

Investment
Process

Raw Materials
Caustic Soda, 50%
HC1 in Impure Gas

GROSS OPERATING COST

Credits:
NET OPERATING COST

Not estimated, probably small.

Bagis UmitsMo  $Mo $ Mo
$41.35/T* ~ 1,505°" 62,200
Tons 996 n.c.
Total 62,200
Utilities
. Electricity $10.00M kwh 10 100
Water $ 0.02/M gal 15,400 _- 308
Total 108
Processi
Labor and Benefits $ 2.60MH 150 390
Supervision €0
Repairs (labor) $ .97 Lo 119
Supplies 60
Total 629
Non-Processing
Gen. Admin. and Office 102
Miscellaneous 40% of Processing 252
Total 36
63,591
None
63,591

,* Dollars per ton of 100% NaOH contained in solution.
** pssuming usage of 140% of theoretical.
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TABLE VII

DISPOSAL OF HYDROGEN CHLORIDE
‘ Method B: Neutralization of Pure Aqueous Acid by
Caustic Followed by Electrolysis of Salt to Chlorine and Caustic

OPERATING COST ESTIMATE

Basis: - Pure agqueous hydrochloric acid containing 996 tons/month
HC1 is neutralized with caustic to fom 15% neutral brine,
followed by electrolysis to Cl2 and NaOH in 100 or 200
cells of existing chlorine plant. Average production of
970 tons chlorine and 1,090 tons NaOH.

|

Investment $2,747,000
Acid Purification Plant $2,050,000
Brine Transfer System 30,000
Sealed Reservoirs 667,000
Raw Materials . Basis Units/Mo §A“_Io $ Mo
Caustic Soda, 50% | $11.35/1% 1,090 L5,200
HC1 Acid, Aqueous, 32.5% $ 6.21/T 3,06L 19,079
Sulfuric Acid $27.00/T 17.5 473
. Total : 6li,752
Utilities
Steam $ 0,63M 1b 15,000 9,450
Electricity $ 7.30M kwh 2,640 19,300
Water $ 0,02/M gal 150,000 3,000
Total 31,750
Processing
Labor and Benefits $ 2.59MH 9,900 25,650
. Supervision $ L .06/MH 900 3,656
Repairs (labor) $ 2.77AH 3,650 10,100
Supplies 7,32
' Total 46,731
Non-Processing
Gen. Admin. and Office 7,364
Miscellaneous L40% of Processing 18,700
Total 26,06l
GROSS OPERATING COST 169,297
Creditss Chlorine $35,00/T 970  3L,000
Caustic Soda $l1.35/T 1,086 L44,800
Total 78 ,800
NET OPERATING COST 90,497

% pollars per ton of 100% NaOH contained in solution.
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TABLE VIII

DISPOSAL OF HYDROGEN CHLORIDE

Method C: Neutralization of Pure Aqueous Acid by Caustic Followed by

Brine Evaporation and Stock-piling of Salt

Basis: Pure aqueous hydrochloric acid containing 99¢ tons/month HCl is
’ neutralized with caustic to fom 15%
evaporation of the brine and stock-pi

' OPERATING COST ESTIMATE

salt.
Investment
Acid Purification Plant $2,050,000
Brine Transfer and
Solids Handling 1l ,500
Additional Storage 195,400
Sealed Reservoirs 667,000

Raw Materials
Caustic Soda, 50%
HC1 Acid Aqueous, 32.5%

Total
Utilities
Stean
Electricity
Water

Total
Processing
Labor and Benefits
Supervisinn
Repairs (labor)
Supplies
: Total

Non-Processing
Gen. Admin. and Office
Miscellaneous

Total
GROSS OPERATING COST

Credits

NET OPERATING COST

Basis ,, Units/Mo

neutral brine,
ling of the crystallized

followed by

$11.35/T 1,090
6.21/T 3,06h

0.63/11b 16,300
10.00M kwh - 212
0.02/4% gal 119,000

2.60MH 2,700
L 02/MH 225

2.97/MH 675

L40% of Processing

33 )056 ’ 900 )
$ Mo $ Mo
15,200
19,079 :
6l4,279
10,280
2,120
2,380
1hL,780
7,020
903
12,000
576 .
10,499
1,k80
l4,200
_5,680
95,238
None
95,238

# Dollars per ton of 100% NaOH contained in solution.
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TABLE IX

DISPOSAL OF HYDROGEN CHLORIDE
Method D: Oxidation to Chlorine by the
Grosvenor-Dow Process

OPERATING COST ESTIMATE

Basis: Conversion of 996 tons/month of purified HC1 gas to chlorine
the Grosvenor-Dow (Hercules) process. Assume 96% conver-
sion. 930 tons/month of chlorine liquefied and sold.

Investment ’ $l, ,067,000
Acid Purification Plant $2,050,000
Catalytic Chlorine Plant
(estimate by Hercules) 1,350,000
Sealed Reservoirs . 667,000
Raw Materials = '
Caustic (to neutralize tail gas) Li3.8 TM™
Pure HC1 gas 996 T/M
Utilities
Steam - 2,680 M 1bMo
Electricity - 268 M kwh/Mo
Water 26,800 M gal/Mo

Hercules Powder Comparny estimates a production cost of $3L.66/T for
chlerine produced at 50 T/D rate. Does not include overhead and
indirect costs. This is about the selling price, f.o.be Denver, for
the liquid Cl2 product. The cost woulé be slightly higher at a pro-
duction rate of 996 tons/month, (37 T/D).

Estimated overall net operating cost for this system, (credit allowed
for Clp sold) not over $10,000.

If Hercules' estimate did not include a charge for the pure HCl feed,
add $18,600 for 996 tons @ $18,70/T.
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TABLE X

DISPOSAL OF HYDROGEN CHLORIDE
Method E: Purified Hydrochloric Acid Sold
up to Capacity of Market. Excess Neutralized
and Stock-piled as Salt

OPERATING COST ESTIMATE

Basis: 996 tons/month of purified HC1l gas absorbed in water to form
31.2% acid. 1,500 tons/month of acid sold, the rest
neutralized to form salt brine, the brine evaporated and
salt stock-piled.

Investment ‘ $2,861,500

Acid Purification Plant $2,050,000
Brine Transfer and

Sclids Handling 1k, 500
Sealed Reservoirs 667,000

Raw Materials Basis Units/Mo §$/Mo $/Mo

Caustic Soda, 50% $11.35/1% 78 23,900

HC1 Acid, aqueous, 32.5% 6.21/T 3,064 19,07¢ .

Total 42,079

Utilities

Stean 0.63/M 1b 8,60  5,l4k0

Electricity 10,00/ kwh 112 1,120

Water 0.,02/11 gal 63,000 1,260

Total 7,820

Processing

Tabor and Benefits 2.60/MH 800 2,080

Supervision 250

Repairs (labor) 2.97/MH 675 2,000

Supplies ' : 576

Total L, 906

Non-Processing

Gen. Admin., and Office 1,480

Miscellaneous 4 2,910

Total 4,390

GROSS OPERATING COST 59,195

Credits: Hydrochloric Acid 5.00/T 1,500 7,500

NET OPERATING COST 51,695

¥ Dollars per ton of 100% NaOH in solution.
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DISPOSAL OF ALIMINTM CHLORIDE HYDRATE AND HYDROGEN CHLORIDE
FROM PLANT NO. 2

Plant No. 2 is presemntly in stand-by, so the purpose of this
section of the report is to present a program for disposing of
the by=products from this plant if and when it is started up
again, This study was based on an assumed production rate from
Plant No., 2 such that 669 tons of aluminum chloride (anhydrous
basis) will be produced as a hydrate and 300 tons of hydrogen
chloride will be produced monthly as by=products.

Dehydration of Alumimm Chloride Hydrate

Dupont and Hooker, both major producers of anhydrous aluminum
chloride, were contacted in regard to any possible knowledge they
might have had of processes to convert aluminum chlaride hydrate
%o the anhydrous material. Both companies responded that they
knew of no practical method for this conversion,

A report on this conversion prepared for the Chemical Corps by
Gulf Chemical was reviewed, The process proposed in this report
by Gulf for this conversion was unproved and untested. There were
portions of the scheme thai appeared very questionable to us. As
a result of these factors, conversion of alumimm chloride hydrate
to the anhydrous material was dropped from consideration,

Neutralization with Caustic

In the process we recommend for the disposal of the aluminum
chloride hydrate and the hydrogen chloride fram Plant No. 2, the
by-product stream is neuwtralized with caustic soda, The resultant
alumina floc is separated out as a solid and discarded. The brine
produced by this reaction is to be pumped to the sealed reservoirs.

These by-product streams will be contaminated with phosphorus
compounds, There are not sufficient data kmown on which to base
a scheme for their removal, These contaminants could cause
considerable trouble in a brine evaporation stép, so it is
desirable to initiate a laboratary program to develop a means
for purification. Two techniques which might be applicable are:

1. Jon exchange, and
2., Fractional crystallization or precipitation
A laboratory program to develop this purification process could

be started for a few thousand dollars., It is impossible to predict
what the total cost of such a program might be. '
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The process we propose is based on the assumption that the
phosphorus compounds would have to be separated out before recovery
of the salt by evaporation could be attempted, A detailed discuss-
ion of the process is given in the next section.

Process Description

A filter cake of hydrated aluminum chloride and large amounts of
hydrogen chloride gas are by-products from the Flant No. 2
operations., Nearly all the aluminum chloride and most of the
hydrogen chloride come out of the process at the Bird continuous
centrifugals,

The proposed chloride recovery process is shown in Drawing No,

1113-AC6, at the end of this report. An alkaline salt brine is
sprayed under the Bird centrifugals to wash the A1Cly cake down
into the existing sump and dissolve it. This spray also absorbs

the HC1 gases. A new and larger collecting sump receives the brine .

from the existing sump and also receives brines continually over-
flowing or periodically dumped from a scrubber, an air-washer, and
a Nash vacuum pump, When the batch—operated pressure filters are
cleaned out, alkaline brine is used to wash the filter cake into
the new sump,

Caustic soda; some from recycle and some from make-up, is added
to the new sump to hold the requiréd degree of alkalinity. The
aluminum chloride precipitates as a hydrated aluminum oxide,
leaving sodium chloride and excess caustic in solution., The thin
slurry mixture is pumped with a diaphragm pump to the top one of
three paddle agitated tanks arranged in a cascade. The alumina
crystals are fragile and easily broken up to produce a slime,
therefore only mild agitation can be used if the solids are to
have the proper settling characteristics. The crystals are aged
and allowed to grow while moving down through the series of tanks,
The thin slurry then flows into a rake classifier in which the
denser alumina crystals settle and are raked out into a rotary
drum filter. The alkaline salt brine, containing some finer
alumina crystals, overflows from the classifier to a brine surge
tank, from which some brine is recycled to the Bird centrifugals,
and some overflows to a clariflocculator. The settled and thicken-
ed floc from the clariflocculator is pumped by a diaphragm pump
into the rotary drum filter mentioned above, The filtrate from
this filter returns to the feed trough of the clariflocculator,
The alumina cake from the filter falls continuously into a screw
conveyor which drops it just outside the processing area at the
rate of 1,760 pounds per hour or 528 tons/month. From here the
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alumina is periodically scooped up and hauled away by dump truck
to disposal in an area where drainage is toward the contaminated
lake, The alumina cake has only a small percentage of chlorides
in it, but since the behaviowr of the water=-soluble phosphorus
compounds in this system is not known,it seems necessary to pro-
vide for the possibility that the cake may contain undesirable

phosphorus compounds,

The overflow from the clariflocculator is an alkaline salt brine.
This is clarified by filtering it through sand filters and it is
then pumped to the ditch leading to the sealed reservoirs. The
volume of this stream is estimated to be &l gpm.

The estimated investment for the required additions to Flant No. 2
is $195,750. This includes design, purchase and construction of
the facilities shown on Flow Diagram No. 1113-AC5, plus the normal
10 per cent contingency.
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DISPOSAL OF MISCELIANEOUS MINOR STREAMS

In addition to the major by-product streams of hydrogen chloride
from Plant No. 1 and alumimm chlaride hydrate from Flant No. 2,
there are numerous minor by-product streams which must be disposed
of. The source of some of these streams are principally as follows:

1.

2.

3.

Lo

The remaining effluent stream from Shell Chemical
Company's operations after provisions are made to
recirculate the condenser cooling water, The solids
content of this stream is calculated by Shell to be
LJi tons a day of sodium sulfate and sodium acetate.
It is not known to what extent Shell can reduce the
volume of water discharged below the present level

of 10l gpm,

If the phosphorus residues from Plant No. 1 are not
large enough to warrant the installation of an
incineration plant, these wastes must still be
disposed of without risking the danger of underground
water pollution.

The residues from the Mustard gas and white phosphorus
plants are not large emough to convert economically
to saleable or re-usable products, These also must

be disposed of. : -

taste water from equipment and floar decontamination
and washdown from Flant No. 1. The quantity of water
used for these purposes is unknown., Arsenal estimates
of 200 gom seem excessively large. At the request of
The Ralph M. Parsons Company, meters are being install-
ed on the water lines to the various buildings and
separate facilities to determine the distribution

of water within the plamt, If these meters show
excessive usage of water for equipment decontamimation
and washdown, a special system should be installed

to recirculate the wash water. This procedure will
necessitate the disposal of only a relatively small
stream from this source. .

These various streams are generally too small and too varied to
recover and purify sufficiently for sale at a reasonmable cost.
Tt is recommended that these streams be dumped to the sealed

reservoirs,
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THE USE OF INJECTION WELLS FOR DISPOSAL OF WASTES

The possibility of drilling a deep well and injecting the waste
brines fram the operations at the Arsenal was investigated,

Dr. Thad Mclaughlin, geologist and head of the Ground Water
Branch of the United States Geological Survey in Denver, was
consulted on this matter,

Dr. McLaughlin was strongly of the opinion that the technique of
waste disposal by injection into a well, was not applicable in

this case, In Dr. Mclaughlin's opinion, an injection well would
have to be drilled to the Dakota Sand formation to dispose of

salt water without contamination of potable water supplies. In
the Denver area the Dakota Sand is about 9 to 10 thousand feet
below the surface, The cost of one well dug to this depth could
be several hundred thousand dollars. The number of wells that
might be needed to take the volume discharged by the various plants
is a matter for wild guessing as it could be one or tenm,

Injection wells can be an excellent and economical answer to dis-
posal problems, when shallow, relatively inexpensive wells can be
used, However, drilling injection wells is a gamble similar in

risk to "wildcatting® for oil. Drilling deep injection wells is

a very poor gamble as the costs are high and the potential winnings
are small, -~

It is Dr. McLaughlin's opinion that injection wells should not be
drilled. We concur with that opinion.
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CONCLUSIONS AND RECOMMENDATIONS

The disposal of the chemical wastes fram the various plants abt
Rocky Mountain Arsenal in a manner that will minimize the
danger of contamination of underground water supplies, can be

- accamplished most econamically by the following series of

corrective measures and we strongly recommend their adoptiont

a. Tmmediately reduce to a practical minimum the volume
of contamimted water discharge by all plants,.

b, Tmmediately install asphalt membrane seal in the
existing 12 acres of reservoirs for an estimated
cost of $667,000. and use for temporary disposal of
plant wastes, Flant No. 1 can be operated at only
twenty per cent of capacity with this disposal
facility,

c. Design and construct an acid purification plamt for
the by-products from Plant No. 1 for an estimated cost
of $2,050,000. Initiate a laboratory program for an
estimated cost of $5,000 to develop plant design data.

d. Design and construct facilities for neutralization
of surplus acid, transferring resulting brine to
existing evaporator plant, crystallize and stockpile
salt. These facilities are to cost $1lk,500.

e. Produce and sell as much pure acid as can be absorbed
by the existing market. Neutralize any surplus acid
and stockpile resulting salt. ' '

f. Develop a process in the laboratory to purify the
chlorides produced from Plant No. 2, This laboratory
program can be initiated for four to five thousand
dollars.

g. Dump all miscellaneous other wastes from the plants
to the sealed reservoir system for solar evaporation.

This system will require an estimated total investment as
sumarized belows

Sealing Reservoirs $§ 667,000
Purification Plant 2,050,000
laboratory Programs (2) 10,000

Salt Stockpiling Facilities ik ,500
TOTAL PROJECT €0ST $2,871,500
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It is estimated that this system will result in a reduced
operating cost for disposal of the chlorides from Plant No. 1.
below the cost of the present method and in addition will
recover eight to nine thousand pounds of Flant No. 1 product
per full operating day, which is now being lost using the
present operating facilities and methods.

2, A detailed analysis of the cost data to be submitted this
year by Hercules Powder Company on their catalytic chlorine
process, should be made, If this data substantiates the
estimates made by Hercules, the design and construction of
a plant to convert hydrogen chloride from Plant No. 1 to
chlorine by this process should be undertaken, A plant to
perform this function is estimated by Hercules to cost
$1,350,000. Conversion of the by-product hyirogen chloride
to0 chlorine has a wider and firmer market than does hydrochloric
acid, The use of this catalytic chlorine process will give
the lowest cost for disposal, if the estimate submitted by
Hercules is correct. '

3, Conversion of pure hydrogen chloride to chlorine via sodium
chloride electrolysis in the existing plant is estimated to
increase disposal cost considerably over the existing or
other proposed disposal methods. .

We would expect that conversion of the wnpurified acid to
chlorine by this method would be inoperable or considerably
more expensive than conversion of the pure acid and would not
permit recovery of the valuable products presently being lost.

L. The use of sealed reservoirs or injection wells to dispose of’
the wastes from all plants running at full capacity would be
excessively costly, particularly if the by-product from Flant
Fo. 1 is not purified of its phosphorus and fluoride contami-
nants,

42
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FOREWORD

During the summer of 195L, several farmers located near the northwest
boundary of the Rocky Mountain Arsenal reported that serious injury
was done to their crops when well water was used for irrigation.
There was a strong feeling among these farmers and others who were
concerned with the problem that the injury was caused by some toxic
substance in the underground waters, and that this toxic substance
came from the Arsenal, The United States Army Corps of Engineers
negotiated a contract with The Ralph M, Parsons Company to deter-
mine the most economical measures that could be taken to eliminate
or minimize the possibility of contamination of underground waters
by the various industrial wastes from the chemical operations at
the Arsenal, A secondary phase of the contract was to attempt to
determine if there were a toxic component in the water that could
cause crop damage and if possible, to recommend corrective measures
to eliminate this toxicity,

The primary phase of the work performed under this contract, concern-
ing methods for disposing of the chemical wastes from the plants

in the Arsenal, was ccmpleted and submitted to the Corps of Engineers
on September 29, 1955, in a report emtitled "Final Report, Disposal
of Chemical Wastes, Rocky Mountain Arsenal",

This report supplements the above mentioned final report and deals
with the problem of identification and detoxification of the
component or components in the underground waters which caused the
crop injury reported by the farmers, Qualified consultants in the
fields of agronomy, plant pathology and analytical chemistry were
called in to assist in the study of this problem,

The purpose of this report is to present our findings and those of
our consultants, to analyze these findings, and to present a
recommended course of action to be followed to develop a final
solution to this problem, The reports of our consultants have
been r eproduced and appended to this report.
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1.

3.

Lo

Se

SUMMARY

A number of experts in the fields of agronomy, plant pathology
and analytical chemistry were consulted on the problem of
identification of the constituent of certain well waters which
caused crop damage in 195h and of correction of this toxicity,
A qualified expert in each of the above fields was asked to
actively participate in the woerk on this problem, The indivi-
dual reports from these selected experts are appended to this
report,

The phytotoxic constituent of the well water cannot be
positively identified from present data, The common salts
present in the water, e.g., sodium and calcium sulfates and
chlorides, did not cause the damage suffered by the local
farmers in 195 although these salts may be the cause of present
low fertility of some portions of land, Circumstantial evidence
strongly indicates that methyl phosphonic acid, a component of
the Plant No. 1 effluent, is the sought-for compound, No evi-
dence was found to prove or disprove the theory that the
damaging constituent originated in Shell Chemical Company's
chemical operations,

A botanical research program was developed by Dr. Fults,of
Colorado A & M College, to positively identify the damaging
agent, This program could be carried out by the Colorado

A & M Research Foundation within three years at an estimated
cost of 7,500 dollars for the first two years, Initiation
of this program is recommended.

On the theory that methyl phosphonic acid is the phytotoxic
agent and that a large reservoir of contaminated water exists
under the ground, a chemical research program is recommended to
determine if methyl phosphonic acid can be removed from a dilute
water solution by a practical method, This program should be
started by assigning two research chemists to the problem for

' two months, At the end of two months the program should be
re=ovaluated,

Due to the varying salinity and toxicity of Mr. Powers' well
water, a field research program is recommended to attempt to
correlate water toxicity with a simple quality measurement

such as electrical conductivity. This program would require
approximately 1,000 manhours during the course of one year,
The use of a cammercial research firm to carry out this project
would cost approximately 9,000 dollars. If such a correlation
is developed, the effected farmers could have limited use of
their contaminated well water,
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CONSTULTANTS

List of Consultants

1.

2,

3e

L,

5o

7.

In the course of our study of the problem of idemtification and
detoxification of the well water compenent which caused the crop
injury, the following persons were consulted and the opinions of
these experts have been considered in preparing this report:

Dr, Arthur S. Newman
Chief, Chemical Branch
Crops Division
Headquarters, Camp De'trlck

Pfc William Ryder, Ph. D,
Assistant Plant Physiologist
Crops Division

Headquarters, Camp Detrick

Mr. Samuel Sass

Chemical Division

Chemical Corps, Chemical and Radiological Laboratories
Army Chemical Center, Maryland

Mr. Robert J, Brown

Chief Chemist

Great Western Sugar Company
Denver, Colorado

Dr. Robert S, Whitney
Agronomist and Department Head
Department of Agronomy
Colarado A & M. College

Ft., Collins, Colorado

Dr, Jess L, Fults

Flant Pathologist and Department Head
Department of Botamy and Flant Pathology
Colorado A & M. College

Ft., Collins, Colorado

Dr, E.W,D. Huffman
Huffman Microanalytical Laboratories
Wheatridge, Colorado
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10.

Dr, Thad Mclaughlin, Geologist
Quality of Water Branch
Geological Survey

U, S. Department of Interior
Denver Federal Center
Denver, Colorado

Mr, John D, Hemy; Chemist
Quality of Water Branch
Geological Survey

Uo S. Department of Interior
Denver Federal Center
Denver, Colorado

Dr, Jesse D, Skoss
Consulting Agronomist

310 S. Robertson Blvd

Los Angeles L8, California

Dr. L. E, Allison
U. S, Salinity Laboratory

U, S. Department of Agriculture

Riverside, California
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DR, JESSE D. SKOSS

Agronomist

Education

College of Agriculture, University of California at Davis and Los Angeles
B.S., University of Californmia, 1941 '

M.S. in agronomy, University of California, Davis, 1946

Ph.D. in botanical science, University of California, 1951

Professional Status and Membership

Alpha Zeta Agricultural Fraternity
Sigma Xi

American Society of Agronomists ‘
American Society of Plant Physiologists

Eg_aperience

Los Angeles County Air Pollution District in charge of research on
smog effect on agricultural products.

Consultant on turf grasses and ground covers, Disneyland Park
Developnent, Anaheim, California.

Consultant to Chief Landscape Architect, University of California,
Santa Barbara. Determinationof grass and ground cover planting,
soil preparation, drainage needs, irrigation distribution require-
ments of the new campus development,

Consultant to Caspar Burgi Company, Los Angeles, on soil contamination
at Joseph Schlitz Brewing Company, Van Nuys, California. Remedied
large landscaped area affected by chemical contamination.

Lssociate Editor of "Landscaping", trade journal for landscape
architects and contractors, in fields of soils, irrigation, fertili-
zation, weed control, turf grasses and ground covers.

Appointed Lecturer in Weed Control, Soils, Fertilization, and
Irrigation - University of California Extension Division,

Active duty in U.,S. Ammy - placed in charge of an Army farm of
122 acres on Oahu, Hawaii,
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Wine chemist for Colonial Grape Products Corp., Elk Grove, California.

Farm Operations Division, College of Agriculture at Davis.

Performed chemical analysis on wines for the Viticulture Division,
College of Agriculture, Davis,
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DR, E.W.D. HUFFMAN

HUFFMAN MICROANATYTICAL LABORATORIES

Analytical Chemist

Education
Ph.D. in chemistry, University of Colorado, 1940

Professional Status and Membership

American Association for the Advancement of Science .
Sigma Xi
American Chemical Society
Chairman of Division of Analytical Chemistry
Chairman of Colorado Section
Council Member of Natiomal Society (6 years)
Committeeman on ACS Committees
Standardization of Apparatus
Balances and Weights
Program Planning
Council Committee on Publications

E_xErience

The business was established in 1936, From 1936-38 it was operated
in Boulder, Colorado, from 1938-1952 in Denver, and 1952 to date
in Wheatridge, Colorado.

The original services offered were limited to elementary organic
geantitative microanalysis, This still is a basic and important
part of the business, In the past few years we have expanded by
accepting analytical investigations and chemical research where
applied chemical analysis and physical measurements and the
interpretation of these are a major part of the problem,

Our customers represent industries, schools, foundations and Govermment,
A few examples of each = E. I, du Pont de Nemours & Co., Dow

Chemical Co., General Tire & Rubber Co., Phillips Petroleum Co.,
Standard 0il (Chio), Sharpe & Dohme, General Electric Co., etc.;

Ohio State University, Purdue University, Princeton University,

Yale University, University of Texas, University of Utah, University

of Pennsylvania, etc.; Mellon Institute, Carbide & Carbon Co.

(0ak Ridge); University of California (Los Alamos); Sandia Corporation.
This is a representative list,
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DR, JESS L, FULTS

Flant Pathologist

Education
B. Sc. Colorado A & M College, 1931

M, Sc. Iowa State College, 1932
Ph,D. in botany University of Nebraska, 1941

@erience

Head of Department, Department of Botany and Flant Pathology,
Colorado A & M College, Ft, Collins, Colorado.

Lssociate Agronomist, University of Texas, 1941-1945
Associate Agronomist, University of Colorado, 1939-19L41

Associate Agronomist, University of Nebraska, 1935-1939




THE RALPH M. PARSONS COMPANY

PCM=1606
RG@1s jm

FINDINGS

Inspection of Damaged Lands

The farm land belonging to Mr. Jesse Powers were inspected

during the summer of 1955 by Dr, Jess Fults, Head of the Department
of Botany and Plant Pathology of Colorado A & M College and by

Dr. Jesse Skoss, consulting agronomist, of Los Angeles. The portion
of Mr, Powers' lands,where crops were damaged in 195h, still showed
the presence of some phytotoxic constituent. The sparse growth

of corn, oats and alfalfa in these affected areas and the type of
weed which was growing could indicate, in the opinion of these
experts, merely a high salt concemtration in the soil, Chemical
analyses of Mr., Powers! well water perfommed by Mr, Robert Brown,
Chief Chemist for Great Western Sugar Company on June 3, 195L,
showed an exceptionally high concentration of dissolved salts

(3610 ppm). As this water was used to irrigate the sugar beets

and the permanent pasture which were damaged, a large quantity

of salt could still be in the soil, '

A sample of the water from Mr., Powers' contaminated well was
taken on July 15, 1955 and tested for toxicity by Dr. Fults at
Colorado A & M. This water showed no toxicity in these tests,
A full report of these tests was written by Dr. Fults and is
appended to this report,.

A second sample of this suspected well water was taken about

August 15, 1955, and was analyzed by Dr, Huffman of Huffman Micro-
analybtical Laboratories for organic phosphorus and electrical
conductivity. This amalysis showed the water to be free of any
type of phosphorus contamination. The specific conductivity of
2012 (EC x 103) of this sample is equivalent to a total dissolved
solids content of under 2,000 parts per million, This water should
be harmful only to the more sensitive crops and should have little
effect on sugar beets,

Mr, Powers! description of the damage that occurred,and the
reports of observations made by representatives of the Great
Western Sugar Company in the summer of 195L, strongly indicated
that the damage to the crops was not caused by the salts that
were found in his well water, However, toxicity of the water
coincided with high salinity, The damage to crops occurred in
late spring when the total dissolved solids content of the water
was about 3,600 ppm. The salt content of the water from this well
dropped to 360 ppm in late September and this water was found to
be non=toxic in tests conducted by Dr, Zimmerman of Boyce Thompson
Institute, New Jersey, -
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None of the samples of water taken during 195L was analyzed for
methyl phosphonic acid because the analytical chemists were not
aware of its possible presence nor of its possible phytotoxicity,

The individual reports of the investigation of this land by
Dr, Skoss and by Dr. Fults are appended to this report,

Inspection of Arsenal Iands

The land around the Arsenal's contaminated lakes shows the effect
of the high salt and alkali content of the waters in the lake,
Alkali-weed (Kochia scoparia) was growing close to and even partly
submerged in the weter, Perennial vegetation, particularly blue
grama (Bouteloua gracilis), three-awn grass (Aristida longiseta)
and buffalo grass {Buchloe dactyoides), grows in patches in the
alkali soil around the lake, This vegetation is very salt tolerant
and may even have developed a resistance to the other constituents
of the lake waters,

Chemical Analyses of Arsenal Waters

Drs, Newman and Ryder of Camp Detrick, Maryland expressed a
suspicion that the organic phosphorus compound present in the
effluent fram one of the chemical plants in the Arsenal could

be toxic to vegetation., Mr, Samuel Sass of the Chemical and
Radiological Laboratories at Army Chemical Center, as well as
the chemists at Rocky Mowntain Arsenal, thought that this organic
phosphorous compound might be a salt of methyl phosphonic acid,
CH3PO(OH)5. A sample of this chemical was prepared in the
Inspection Laboratory at the Arsenal and was submitted to

Drs, Newman and Ryder at Camp Detrick for toxicity tests on
growing plants, These tests showed that in doses over ten pounds
per acre, methyl phosphonic acid can cause severe crop damage.
The preliminary report of these tests is appended to this report.

Dr. Huffman developed an analytical scheme for detecting this
chemical in dilute water samples, Water samples were taken from
various places around the Arsenal (See Drawing No., 1113-AD3, page 10)
and were analyzed for common salts by Mr. John Hem of the United
States Geological Survey; for selenium by Dr, Bolton of the
University of Colorado Medical Schoolj and for phosphates, phosphites
and organic phosphonates and for sulfides by Dr, Huffman, These
analyses showed a very high salt content in the water at the
following poimtsgs Plant No. 1 discharge, the contaminated lake,

and wells No. 1 and 2, The selenium content of the waters was

0,015 ppn, which is normal for Denver area waters and is well below
toxic limits. Phosphites were found in the Plant No. 1 effluent.

v
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Methyl phosphonic acid was found in the Plant No. 1 discharge
{960 ppm), thé contaminated lake (6L0O ppm) and in surprisingly
large amounts (180 ppm) in well No. 1. This well is located
over a mile northwest of the secondary contaminated lake
(Reservoir "C"), Well No. 2, located about a mile and a quarter
north of Reservoir "C" was very salty but did not have any
phosphorus compounds.

The detailed anmalyses of these samples and the analytical technique
developed by Dr, Huffman for methyl phosphonic acid are given in
the appended report from Huffman Microanalytical Laboratories and
the data sheets from the Geological Survey,
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DISCUSSION

Several portions of Mr., Powers' land certainly show the presence
of a material harmful to useful vegetation, If this land had
been good fertile land prior to irrigation with well water in
May 1954, as is stated by Mr. Powers, then the harmful material
must have come from the well water, Mr. Powers! description of
the damage to the crops and the observations of .damage reported
by Great Western Sugar Company probably cannot be blamed on the
comon salts reported in the analysis of this well water in 195k,
It is, however, quite possible that the harmful material still
present in his soil is not the original offending compound, but
could be the common salts which could have accurmlated from the
past irrigations and which have not been leached out by rain or
subsequent irrigation with good water, :

Tt has been fairly well established that the salt content and the
toxicity of Mr., Powers' well water varies widely with time. No
confimmation has been found for the presence of a toxic material .~
which disappears after short exposure to air, as was suggested

by Great Western Sugar Company. It is our opinion that the toxi
constituent is possibly quite stable,

No evidence was found to indicate that the particularly damaging
contaminant of the harmful waters originated in Shell Chemical
Company's chemical operations at the Arsenal. One of their inter-
mediate products, hexachlorocyclopentadiene, was found to be quite
phytotoxic (Ryder's report from Camp Detrick), but analysis of

the well waters for this compound was not attempted. Irs. Whitney
and Skoss, agronomists, hold the opinion that there is little
likelihood of this material moving more than a few feet underground,
particularly in sufficient concentration to be toxic to plant life.

A definite answer as to what material or constituent of the well
wter did cause the crop damage could only be given after completion
of a research program, such as is suggested in Dr. Fultst! report in
the appendix. This program could be wundertaken by the Colorado

A & M Research Foundation in Fort Collins, Colorado. Ir, Fults
estimates this program would cost 7,500 dollars and would require

a minimum of two years to complete.

The Evidence Pointing to Methyl Phosphonic Acid

Although the identity of the phytotoxic component of the damaging
well water has not been definitely established, circumstantial
evidence very strongly suggests that methyl phosphonic acid is this
offending constituent,

12
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Methyl phosphonic acid and its sodium and calcium salts are very
soluble in water., Salts of this acid are present in the Plant No, 1
effluent and in the contaminated lakes. The salts can move through
the soil in relatively high concemtrations without being immediate-
ly adsorbed by the soil, as evidenced by the analysis of the water
from Well No., 1. Application of this compound to a wide variety

of plant life in quantities of over 10 pounds per acre caused
severe damage to the plants., The application to one acre of ground
of one=half of an acre foot of water containing less than 8 parts
per million of methyl phosphonic acid would contribute 10 pounds

of the acid to the acre of ground, Mr. Powers did not recall
precisely how much water was applied to his fields when his crop

of sugar beets was damaged, however, several sprinklings could
readily amount to over one=half an acre foot, If the water which
Mr., Powers used on his crops in 195 contained as much methyl
phosphonic acid as did the water from the Arsemal's Well No. 1 in
1955, a dosage of over twemty times that found to be phytotoxic '
could have been applied, '

If methyl phosphonic acid is found to be the crop damaging con-
stituent, there is no way known at present to detoxify this
compound or to remove it fram the well water. Extremely severe
chemical treatment is required to convert this material to

harmle ss phosphates, Treatment with boiling, concentrated nitric
and sulfuric acids or combustion with sodium peroxide at high
temperatures are the techniques presently used in the laboratory
for the conversion, These techniques could not be applied to
well water,

The evidence suggests so strongly that methyl phosphonic acid
causes the crop damage that it seems imperative that a chemical re-
search program be started immediately to attempt to develop a
practical scheme for removing this material from dilute water
solutions., The ultimate cost of such a program is impossi-

able to predict. The program could best be carried out by several
research chemists, After a few months work, an answer could
probably be developed or a prediction could be made of the
additiomal costs and time required.

Possible Remedies

The Rocky Mountain Arsenal should take immediate steps to prevent
the loss of additional waste waters containing methyl phosphonic
acid to the underground water supply. This can be accomplished
most practically and rapidly by installing asphalt membranes under
new reservoirs, as was recommended in The Ralph M, Parsons Company
"Final Report, Disposal of Chemical Wastes; Rocky Mouwntain Arsenal'
dated September 29, 1955,
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Unfortunately, this procedure will still leave a great reservoir
of contaminated water under the ground, which will possibly take
years to dissipate,

The only remedy that appears practical at this time to eliminate

the possible hazard of killing crops with the existing contaminated
waters is suggested by the variation in salinity and toxicity of

the water in Mr, Powers' well and the occasional availability of good
nater in the irrigation ditches,

When good ditch water is avallable to Mr. Powers or other farmers,

it should be used to flood the affected portions of land to leach
out accumulated water soluble salts, This technique would possibly
restore fertility to this land, Mr. Powers?! well water apparently
is quite satisfactory at certain times and can be used for irrigation
at these times, It would seem entirely possible to establish the
safe periods for water use by a simple test of the water., As
toxicity apparently varies directly with salinity, an electrical
conductivity test would indicate quite simply and rapidly when the
water is safe to use.

The value of such a program would, of course, require confirmation
by field tests, but it seems to ofi‘er considerable promise as

a course of action to be followed until the existing contaminated
underground water is diluted to safe concentrations by natuml
dilution with rain water,
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16 January 1956

" RECOMMENTATIONS OF THE 1 PH M. PARSONS COWMPANY SUPPLEMENTARY REPORT"

1. Immediate measure; hould be taken by the Rocky Mountain Arsenal
to prevent further contemi: -ion of underground waters with industrial
waste, particularly those . .taining methyl phosphonic acid salts. The
installetion of asphalt mer: -anes under reservoir areas as recommended
in our finel report on the = sposal of chemical wastes from the Arsenal
would accomplish this aim.

12, A botanical resea . program should be initiated to identify
the phytotoxic component o the crop demaging well water. The program
outlined by Dr. Holt, in h.: report, would develop this information.

This program could be carr.ed out by the Colorado A&M Research Foundation
within two or three years, =t a cost for the first two years, estimated
by Dr. Holt, at §10,5Q0.

'3, A chemical resear:h program should be initiated to determine how
methyl phosphonic acid can :e detoxified or removed from a dilute water
solution. It is recommended that two research chemists be assigned this
problem for a period of two months. At the end of this period, additional
time and cost required for this program could possibly be estimeted. This
program could probably best be carried out by the Chemical Corps Laboratory.

"4, A Pield research orogram should be initieted immediately to attempt
to correlate simple measurement of water quality; such as, el ectrical con-
ductivity with toxicity of the water from a well such as Nr. Powers. This
program could be carried out by Arsenal personnel or a local university and
would require routine sampling and testing on hot house plents. Such a
program would require one man day, monthly or semi-monthly, plus daily
watering and observation of the test pleants for pos sibly a year. The cost
of this program would be under $9,000 based on estimates estimated at
1,000 hours time required during a year's program.’

15
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The Gromdwater Pollution Problem

of the Rocky Mountain Arsemal by

Jesse D, Skoss, Ph.D., Consulting Agronomist
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The Groundwater Pollution Problem -

of the Rocky Mountain Arsenal, Denver, Colorado -

Introduction - Water from a well on the farm of Jesse Powers, near
Derby, Colorado, was used to sprinkle irrigate seedling sugar beets
in the 1954 growing season, After several irrigations, covering a
period of about one week, the beets were killed by some phytotoxic
substance which was apparently a constituent of the irrigation water,
Previous use of water from this well for irrigation purposes has
produced normal, harvestable crops.

The proximity of the farm to the Rocky Mountain Arsenal cast
suspicion on the arsenal as being the source of contamination, The
arsenal was duly notified of this belief, Steps were then taken to
determine the nature and cause of the damage to the Powers! farm crops,
The aid of a number of public and private agencies were enlisted in the
attempt of a solution to this problem, These agencies were:

A, Public
1. The Rocky Mountain Arsenal
2. The Corps of Army Engineers
3, Camp Detrick Biological laboratories, Chemical Corps
4o The Geological Survey, U. S. D. I.
5, The Soil Conservation Service, U. S. D. 4.
6, The Regional Selinity Laboratory, U. S. D. A.
7. The Agronomy and Plant Pathology Departments,
Colorado Agricultural and Mechanical College
B. Private
1, The Great Western Sugar Company, Colorado
2. Boyce Thompson Institute, Hoboken, N. J.
3, Huffman Microanalytical Laboratories, Wheatridge, Colo,
4L+ The Julius Hyman Division, Shell Chemical Company
5, The Ralph M, Parsons Company

These agencies have produced a mass of data which involved chemical
analysis of mmerous water samples from many sources in the affected areas,
as wall as field and laboratory experiments and observations, 4 critical
study of these findings leave much to be desired of them from a definitive
point of view as regards the determination of the mechanism of damage.

Tf this mechanism is known then its point of origin could be determined
and corrected, with the Powers! farm thereby eventually returning to its
original productive state.

The deficiencies in the collected data are due to the following:

1, Ilack of factual, recorded information of the pattern of plant
damage, with the factors which led to it., For example, the
actual amount of water applied in the several irrigations and
the mumber and periodicity of these water applications to the
sugar beets is recollected from the farmer's untrained memory,
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2, Time lag in which plant damage was initially reported and a
proper study of the problem undertaken by scientific personnel,

3, The initial secrecy as to the nature of the possible conteminants
of the groundwater with the result that these constituents were
not analyzed for in the early water samplings,.

L. The undirected method of approach to the problem by the rumerous
agencies which led to a partial obscuring of the agronomic
aspects of the problem and improper sampling and/or analysis
of samples taken.

The object of this report is to review the water analysis date and
other laboratory findings; discuss observations made in an inspection
trip; correlate the sbove in recommendations for corrective measures
needed to restore the agricultural productivity of affected lands, or a
testing program to determine these corrective measures,

Observations and discussion - The areas of the Powers farm which had grown
the sugar beets which had been killed still evidenced the presence of some
phytotoxic substance in the soil. The field had been plowed and planted
to field corn for the 1955 season, The emergence was very poor with
1ittle survival. Scattered individual plants were severely stunted and
scorched with the leaves inrolled as though suffering from lack of water
and high salinity., Weed growth was generally sparse and halcphytic in
nature. Numerous bare areas or slick spots were present, An alfalfa
field which had been partially flooded by water drained from the affected
area had areas where the alfalfa had been killed out; the surviving plants
appearing stunted in growth.

An anslysis of the Powers well water had not been made at the time
of injury to the sugar beets, The earliest analysis was reported by
Robert J. Bromn of the Great Testern Sugar Company laboratory on June 3, 1054,
The east well which was the one supplying the toxic irrigation water was
very high in total solids, 3,610 ppm, Chloride content was 1,430 ppm,
and sodium was 265 ppm, Calcium and magnesium as chlorides was 2,337 ppm.
Phosphate was qualitatively reported present = after acid digestion. The
specific conductivity of the water was not reported.

The next available analysis of waters taken from the Powers farm
was reported by John D, Hem of the Geological Survey, U.S.D.I. on
December 6 and 7, 1954, The well in question surged after five minutes
of operation, analyzed 235 ppm of sodium, 16010 ppm chloride and had =
specific conductance of 3.88 (B¢ x 10° @ 25° C,)., An adjacent stock well
water analyzed 219 ppm sodium, 760 ppm chloride, with a specific conductance
of 3.43, Water from this well was also reported to have "killed grass and
flowers" and to have caused scouring in young calves., The scours was said
to have cleared up when the calves were removed to another area of the farm
and given water from a different source which was poteble,

/

The Geologlcal Survey also reported on analyses of water samples
(Dec, 3, 1954) taken on R.Y.A, property, These were of water from test
holes and existing wells located in a more or less direct line between the
Powers farm and the disposal ponds on arsenal property., Sodium, chloride and
specific conductance varied somewhat but were, in all cases, extremely high,
The range in magnitude of these two components were from 1,770 to 3,250 ppm
for sodium, and 3,220 to 4,850 prm for chloride. Specific conductance was
from 10,5 to 15,1, Analysis for organic forms of phosphorus was not made,.
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It is elear that a pattern of increasing salinity and soluble
salt content of the ground water exists from the Powers farm to the
disposal ponds at the arsenal, These anslyses show a more or less
straight channel of movement of contaminated groundwater with these
soluble ions, as evidenced by analysis of these numerous samplings.

Recent analysis of waters from the arsenal are illuminating as
to the sources. of contamination, Selected components from the various
sources are listed in Table I,

Table I
Selected chemlical components and properties of analyzed
water obteined from various sources on R. M, A, property

Source Sodium Chloride pH Specific conductance

ppm ppm BC x 10° ¢ 25° C.
Raw process water[W"" ’/J”ZC”*3128 160 8.0 1,44
Chemical plant discharge 3,340 3,230 11l.4 16,50
Upper contaminated lake
near overflow 3,480 3,530 9.8 14,20
Sample from well # 1 2,470 44380 7.9 13,20
Sample from well # 2 1,790 44570 8,0 14420

(Analyzed by John D, Eem, Ceological Survey, U.S.D.I., dated August 24, 19.5)

The above data point to the extremely poor gquality of the water
from the chemical plant discharge on, This is beside the probable
existence of constituents, namely methylphosphonic acid and its salts —
and certain chlorinated hydrocarbons (P162) in the water which were not
analyzed for, The poor quality of the water is brought out when considered
in the light of standards of quality for irrigation water, Table II,

Table IT

Standards for irrigation waters¥

Water class Conductgnce Salt content
BC x 10 @ Total Per acre foot

25° ¢, ppm tons
Class 11 1 or below 700 1
Class 23 1-3 700-2,000 1-3
Class 3 3 or sbove 2,000 3 plus
*

Megisted, 0.C. & Christiansen, J,E,: Saline soils, their nature and
management, U.S.D.A Cire, 707, 1944,

1 Excellent to good, suiteble for most plants under most conditions.,

2 Good to injurious, probably harmful to the mor- rensitive crops.

2 Injurious to unsatisfactory, probakly harmful co most crops and
unsatisfactory for all but the most tolerant,
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The wastes in aqueous solution discharged into the arsenal disposal
ponds over a period of years amounted to thousands of tons. These disposals _
indicate the probable source of the groundwater contamination as originating
at the disposal grounds of the arsenal. Table III lists the materials and
approximate amounts of each (information source was Mr. R. G. McChrystal, of
The Ralph M. Parsons Company of Los Angeles) .

Table III
Materials discharged into the R.M.A. disposal ponds
Material Amount
1. Lewisite (arsenic base) Considerable
2. Arsenic trichloride 5-10 tank cars, LO-50 tons each
3, Mustard gas (thiodiglycol) Many tons
L. White phosphorus Less than ten tons
5. Phosphites and phosphates Unknown amounts
6., Chlorides, caustic soda, lime Thousands of tons
"""" - 7. Sulfates and acetates Several hundred tons

8. Organics from chlordane

and dieldrin One ton
9. Isopropyl alcohol 30-50 tons
10. Hydrofluoric acid or

sodium fluoride 30-50 tons
11. Methylphosphonic acid and

sodium and calcium salts 100-200 tons
12, Aluminum chloride Several hundred tons

On August 19, 1955 the Huffman Microanalytical Laboratories of
Wheatridge, Colorado, reported on an analysis of water samples for phosphates,
phosphites, and organic phosphates (organic phosphonates)}by difference) .

wew_ - These samples were drawn from the plant intake, plant discharge, primary
contaminated lake, wells number 1 and 2 on R.M.A. property, and an unspeci-
fied well on Powers' farm. The analyses reported as methylphosphonic acid
are as follows: plant discharge water - 960 ppm; primary contaminated lake
~6L0 ppm; well number 1_.’;_~189_ppm. A1l other samples were negative for
this constituent. Well number 1 is approximately 2-1/2 miles from the ,
primary contaminated lake; the Powers' well is 3-5/16 miles. The imitial v
damage to the sugar beets occurred in 1954 and no analysis was made at that
time for methylphosphonic acid in the Powers' well water. The specific
conductivity of Powers' well water was 2.1i2 as determined at the time of the
Huffman report. In view of the solubility of methylphosphonic acid ard its /
calcium and sodium salts, and its recovery from the groundwater at well num-
ber 1, it is conceivable that it might have been present in the groundwater
at Powers' farm at the time of initial crop damage in 195h.

£

Tests were conducted at Camp Detrick, Maryland in which the phyto-
toxicity of methylphosphonic acid and hexachlorocyclopentadiene (P162)
to plants was explored. These two compounds were suspected as being
possible constituents of the irrigation water which caused the sudden
injury to the sugar beets. These tests were reported on by Mr. William S,
Ryder, Jr., Plant Physiology Assistant at Camp Detrick, on August 16, 1955.

#*
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The tests were a standard foliar spray application at 0,1, 1.0,
and 10,0 pounds per acre rate for each of the compounds., Test plants
were black valentine bean, soybean, morning glory, radish, oat and rice,

At the 0,1 pound rete the methylphosphonic acid caused only a
slight stunting of the oat, At the 1,0 pound rate the test plants
exhibited slight formative effects, slight contact injury resulting in
necrosis of small leaf areess, slight chlorosis, and to the oat, slight
stunting, At the 10.0 pound rate the test plants exhibited very severe
contact injury, moderate formative effects, severe stunting and death
to some of the test plants, The herbicidal nature of this compound was
as a contact herbicide rather thaen that of a growth regulating herbicide,

Phytotoxicity tests of compound P 162 at the 10.0 pound rate
produced results very similar to those for methylphosphonic acid with
the exception that there were no formative effects, The former compound
wes said to be somewhat more potent than the latter, This is not borne
out by the data describing the plant injuries in the report, which is
somewhat contradictory.

Well established sugar beets are among the most tolernnt of
agronomic crops to high salinity concentrations in the soil or irrigation
waters. Seedling sugar beets are not tolerant to high salinity and can
be readily injured, However the rezpidity with which the sugar beets were
killed cannot be attributed to the selinity of the soil or water, Damage
by salts is generally gradual with burning appearing along the leaf margins
which later becomes necrotic, Beets would be much more sensitive as
seedling plants (such as the Powers' beets were said to be) to other
phytotoxic agents than at later stages of development,

Compound P 162 was not analyzed for in the numerous water analyses
which were made, It is doubtful if it could be recovered in the ground-
water, Methylphosphonic acid, on the other hand, does possess the prop-
erty of mobility in the groundwater as evidenced by the Huffman report,
The phytotoxicity tests conducted at Camp Detrick indicate that ten pounds
per acre of methylphosphonic acid is phytotoxic to growing plants and can
csuse damege severe enough to result in their death,

Tt is not known what volume of water was applied to the beets,
Several irrigation applications were reported to have been made by
Mr. Powers, If one acre foot of water per acre had been applied to the
beets then a content of 3,68 ppm of methylphosphonic acid in the water
would be sufficient to furnish ten pounds of the acid to each acre,
If the volume of irrigation water had been less than one acre foot per
acre a proportionately greater concentration of the acid, of necessity,
would be required., The rapidity with which the beets were wiped out
and subsequent damage by waste waters to the adjoining alfalfa field
would indicate thet a relatively high concentration of phytotoxic agent
had been applied.
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Recommendations - A simple test could be set up to identify the agent
causing the plant damage. Sugar beets could be grown in pots filled with
soil from one of the uncontamineted fields of the subject farm (the soil
being as similar to that of the affected field in texture and type), as
well as soil from the contaminated field, After a period of growth
corresponding to that of the original stand of beets compound P 162 and
methylphosphonic acid and its salt derivatives could be applied in
verying concentrations in water to replicates of beets grown in clean
soil, Applications of chemicals should be applied foliarly as well as
through the soil. Beets grown in the contaminated soil if showlng injury
similar to that of treated beets would inmdicate possible soil residuum
effect of the causal agent, The contaminated soil could then be analyzed
for the culprit, The solubility of methylphosphonic acid would probably
preclude its remaining in the soil for any length of time., The treated
soils could have serial ~rmariments performed, i.e., rrowing beets in the
solls and treating with varying amounts of waster to determine the rate

of removal of the offending compound,.

Water from the offending well or wells should be analyzed for these
constituents, If tlicse compounds are found to be present the water shonld
be used to irrigate newly established seedlings and observations made for
paytotoric ~f%2et;,

The Robert J. Brown report indicated the rspid chenge in lotal salt
content of the water of Powers'! irrigation wells., A ten~fclé decreese
was noted in a relatively short period of time; from an injurious water Ve
of about 3,000 ppm of salt to onz of about 200 rpm which is a good water,
With flucuations of this magnitude it may be possible to determine the
quality of irrigation water by a simple periodic specific conductance
test, The water should not be used when it reads above the average for
uncontaminated well waters of the area.

The current poor growth of the corn and the presence of numerous
bare or slick spots would indicate that the affected field has become
salted by the use of highly saline irrigation well water, This can be
determined readily by means of a specific conductance test on soll
extracts of a mumber of field samples, keeping the samplings individualized
as to horizons as well, The exchangeable bases, sodium, calcium and
magnesium should be determined as well as anion content of chloride,
carbonate, bicarbonate, sulfate, etc, If the soil is deflocculated due
to high sodium content, and saline due high soluble salt then reclamation
would be a relatively simple procedure,

Reclamation could be effected by the following procedure:

1, Deep chiseling so as to effect good sub-surface drainage,

2, Application of lime so as to furnish sufficient calcium to
replace the sodium on the base exchange complex.

3, Possible addition of soil sulfur to acidify the soil and assist
in the replacement of the sodium by the calcium,
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L. Leaching out of the replaced sodium beyond the depth of normal
rooting of crop plents using water of good quality. (It appears
that the ditch water from the Platte river is of a quality

that is desirable for this purpose).

If soil analysis determines that the affected field is saline only,
with sufficient dibasic cations to counteract any sodium present, then
reclamation could properly be effected by steps one and four above,

Respectfully submitted

Jesse D. Skoss

October 17, 1955
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Rocky Mountain Arsenal Water Contamination Problem - Report of a trip of
inspection July 16, 1955
Jess L. Fults
Botany and Plant Pathology Department
Colorado A & M College, Fort Collins,
Colorado. September 26, 1955

I. Inspection of Rocky Mountain Arsenal

The morning was spent at the office of Mr. R. G. McChrystal, representa-
tive of the Ralph M. Parsons Company, Los Angeles, California and in the office
of Mr. G. F. Donnelly, Chief Engineer (Phone Atlas 80711, extension 62L0), U. S.
Army Engineering Corps. At this time opportunity was afforded to inspect maps
of the Arsenal showing centers of operation, lakes where waste chemicals have
been dumped for the past several years and the canals which supply incoming
water and drainage. During this period an opportunity was given to inspect the
complete files in Mr. Donnelly's office on the water contamination problem
located to the northwest of the Arsenal.

At about 11:30 A. M. an inspection was made of the area where chemical
effluents from the Shell Oil Company operations and the Biological Warfare unit
are currently being placed. The following, which may have significance, was
observed:

(1) Alkali-weed (Kochia scoparia) was found growing all around the contaminated
lake area - in fact, it grew right up to the water level line of the
lake. Around the lake shore which obviously varied in extent from time
to time, much of the perennial native vegetation was dead - particularly
blue grama (Boutelouz gracilis), three-awn grass (Aristida longiseta)
and scattered patches of buifalo grass (Buchloe dactyoides). This decline
of the native vegetation around the shore of an intermittant lake is not
unusual and would be expected to occur whether chemical effluents from
a chemical manufacturing plant were being dumped or not. The Panhandle
area of Texas, from Lubbock north, is dotted with thousands of such
intermittant lakes where the native vegetation along the shore-lines
shows variation from year to year depending on the level of the water
in the lakes (locally called "playas").

(2) In the vicinity of the effluent from the Shell Oil Company area, the
air was foul with a sharp pungent odor. It did not seem to be
particularly irritating to the eyes even though the odor was very strong.
Whether or not the air contained contaminants which might be toxic to
crop plants needs to be determined.

(3) The area to the northwest of the main contaminated lake, known as "the
straw-bottomed lake" at times has received overflow from the main
contaminated lake. The lake might be the key to the entrance of toxic
materials into the underground waters of the area. The fact that it is
called "the straw-bottomed lake" is suggestive that waters entering
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guickly disappear into the subsoil. If there is a peculiar formation under the
st raw-bottomed lake" which would allow free flowing water to percolate through
to the impervious layer which apparently occurs at a depth of about L0 feet

and which slopes to the northwest of the arsenal(?) this could account for an
inrtermittant appearance of toxic materials in the well waters northwest of the
Arsenal. It might be profitable to correlate the times of overflow from the main
contaminated lake into the "straw-bottomed lake" with the time of appearance of
toxic materials particularly in the well at the Powers?! farm. This would presume
that records have been kept of the times of overflows frcm the contaminated lake
and the time of appearance of toxic water in the Powerst well or other wells. As
a precautionary measure it is suggested that the "straw-bottomed lake" be
puddled or otherwise be made impervious, if occasional overflow from the main
contaminated lake is necessary.

(L) There would seem to be little or no chance for toxic materials to move
through the soil to a depth of L0 feet (about the average depth of the irrigation
wells to the northwest of the contaminated lake) and laterally, a distance of some
two miles because of the adsorptive and absorptive power of the soil. Providing
that it can be shown that the actual effluent from both the Shell 0il Company and
from the Biological Warfare operations is toxic to crep plants - and there is no
conclusive data on this which I have seen - then soil filtration tests should
be made to determine the maximum depth of soil columm through which plant toxi-
cants can pass. Fpom our experience with various kinds of chemical soil sterilants
used as herbicides and fungicides, it should not be more than a few feet at the
most.

Inspection of farm lands in the area northwest of the Rocky Mountain Arsenal

The afterncon was spent inspecting the irrigation water damage at the Powers!?

farm and on the adjacent Munson farm to the north of the Powers! farm. Some of our
observations were as follows:

(1) We observed positive evidence of damage to an oat crop immediately north
of the bad well near the Powers?! residence. Treatment consisted of late
well ‘irrigation of approximately 1 acre of beets in the fall of 195h
(according to Mr.Powers) followed by a crop of ocats in the spring and
summer of 1955. The oats on the area watered with well water in the late
fall averaged 6 inches tall. On the area watered with ditch water (origin
outside the Powers! farm), the oats averaged 16 inches tall. On both the
damaged area and the undamaged area plants produced fully filled out
seed. Whether the viability of the seed was affected is not known.

(2) It was observed that the farm immediately south of the Powers! farm was
using well water on a crop of corn (?) without evidence of injury.
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(3) The farm immediately north of the Powers! farm was inspected for
evidence of injury from irrigation well water. The evidence was
not conclusive. Crops being irrigated were carrots, onions, and
alfalfa. A rather large carrot field on the east side of the
farm appeared suspect. This field had been row-irrigeted with well
water in alternate rows. In parts of the field there was a big
difference in the height of the carrcts in alternate rows but
whether the effect was due source of water or not was problematical
and inconclusive.
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A plan of research tc obtzin an answer to the problem "What is the
evidence that operations at the Rocky Mountein Arsenal are
or have been responsible for the contemination of irrigation
wells located in the general area two to five miles north-
west of the Rocky lMountain Aresenal'

Jess 1. Fults
Department of Botany and Plant Pathology
Colorado A & M College, Fort Collins,
Colorado. September 30, 1955

Introduction

A review of the correspondence, information, and datz on file in the office
of Mr. G. F. Donnelly, Chief Engineer, U. S. Army Corps of Engineers, Rochky
Mountain Arsenal has been made.

As of July 16, 1955, there appears to be no conclusive data which would fully
support either positively or negatively the idea that the cause of irrigation
wells going bad to the northwest of the Rocky Mountzin Arsenal is due operations
on the grounds of the Arsenal.

A primary premise of previous explorations has been that the irrigaticn
wells in question have gone bad because of increased salinity or increased total
salt content (see files in Mr. Donnelly's office). The validity of this primary
assumption is in doubt for the following reasocns:

(1) Dr. Russell Nelson, Great Western Sugar Company Research Experiment
Station at Longmont, Colorado, in the summer of 195L made up a water
solution of equal salinity to that of the highest analysis for the
Powers! well. This experimental soluticn was used to grow sugar
beets. No phytotoxic or abnormal growth of the beets occurred.

(2) During the period January 1, 1554 to September 1, 195L, the total salt
content of the Powers! well showed a steady decline from abcut 3000 ppm
to about 300 ppm but in October 195L, when this water was used to irrigate
late sugar beets, plants turned yellow (Powers® observation), and the
following summer (1955) there was serious injury to a crop of oats almost
to the line where the previous crop of sugar beets had been late-
watered once.

(3) For many years it has been known that 2 percent salt (NaCl) plant sprays
can be used as a selective chemical weed control in sugar beets without
damage to the crop. In other words, sugar beets are highly resistant
to both the Na* and C1~ ions and are generally recognized as tolerant
of alkaline soil conditions. This does not tally with the fact that
sugar beets on the Powers! farm have been injured with well irrication
water applied late in the growing season if the important factor causing
injury was high salinity.

Because of these reasons, it is suggested that the problem be attacked
from a different approach.
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I. Statement of the problenm

1.

Does the effluent from the Shell 0il Company operaticns at the Rocky
Mountain Arsenal contain substances which are toxic to sugar beets, oats,
alfalfa and corn?

In order to answer this question, several sub-guestions must be
answered. :
(a) Assuming that this effluent does contain substances toxic to crop
plants, what is the threshold value (dilution ratio in distilled
water) for the several plants?

(b) Are there seasonal variaticns in the threshold values for the

above crop plants?
(c) Do these threshold values change after various periods of time?

Does the effluent from the Biclogical Warfare operations contzin substances
which are toxic to sugar beets, oats, alfalfa and corn?

(a) )

(b) ) Same as for 1 above.

(c) )

Does the "average" water in the contaminated lake contain substances which
are toxic to sugar beets, oats, alfalfa and corn?

(a) .
(b) Same as for 1 above.

(c)

Does the water from the "bad® well at the Powers! fazrm ccntain substances
Yh%ch are toxic to sugar beets, oats, alfalfa and comn?
a
(v) Same as above 1
(c)
(d) What are the volume-time relationships of the water from this well?
Preliminary evidence has shown quite clearly that one application
of this water sampled July 16, 1955, has no damaging effect on either
sugar beets or tomatoes. See attached report of tests.
(e) Does this water cause injury when sprayed repeatedly on the tops of
crop plants?
(f) Does this water cause injury when exclusively applied to the roots
of crop plants? What volume is necessary?
(g) Are there soil-water interactions which can account for the toxicity
of this water to plants?

Assuning that the effluents from the Shell Cil Company operations and the
Biological Warfare operations contain substances toxic to crop plants?

(a) Are these toxicants removed by percolation through soil columns?

(b) What is the meximum soil colurm depth through which these toxic
substances will pass?

(¢) Whzt are the toxic substances being dumped into the "contaminated lake"?
what are the threshold values for these substances against crop plants
already mentioned?
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IV,

V.
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6. Assuming that answers to the sub-problem in 5 above can be found then:

(a) Do these specific toxic substances occur in the water of the bad
well on the Powers! farm? Other wells in the vicinity?

(b) If specific toxic substances are found, do they occur at any time
during the growing season at concentrations sufficient to cause

the damage already observed from previcus experience on the Powers!
farm?

Procedure

The details of procedure can be worked out later if it is agreed that
the line of reasoning and research is sound and acceptable. The general plan
of procedure would be to take periodic samples of 1) effluents, 2) contaminated
lake water and, 3) water from "bad" wells; transport to our laboratories
at Colorado A & M College; set up adequate replicated tests in our greenhouses
under controlled conditions; follow up with tests on our college farm here
at Fort Collins and with tests on the land near the Rocky Mountain Arsenal
(Powers! farm?) where damage from well weter is evident. At the conclusion
of tests a complete report will be written and submitted to interested parties.

Anticipated time for completion

A minimum of two (2) years with contractorts option to renew for a third year.

Estimated Annual Budget Tentative Pro ject
Assignment  Salary Share

Colo. A & M Research Foundation
Professional salaries

Fults, Jess L. Plant Physiologist; 57L00.00  $616.67
Project Leader (1/12 time)
Payne, Merle G. Biochemist (1/12 time)  hL600.00 383.33
Technical salaries
One fulltime Research Assistant - 5000.00

Plant Physiologist with minor interest

in soils and biochemistry
Other research labor - part time as needed 500.00
Supplies and expendable materials 500.00
Miscellaneous services (Colo. Agr. Research

Found. 5% institutional overhead charge,

stenographic, accounting, transportation

and communications cost 00.00
TOTAL ANNUAL CAMRF BUDGET 37%00.00
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VI. Consultant Services

No fee would be expected for time spent on this project during regular
College working hours during the period of a CAMRF contract. For any
time spent outside regular duty hours I would expect to be paid $100.00
a day and expenses. Presenting evidence in a court of law, extended
travel, or actual time over and above 26 working days a year would be
on a consulting basis with a corresponding salary adjustment from the College.
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A preliminary report on the toxic properties of well water from the
Powers and Munson farms located 2 miles northwest of the Rocky
Mountain Arsenal, Denver, Colorado.

Jess L, Fults, Plant Physiologist
Colorado A & M College, Department
of Botany and Plant Pathology,
Fort Collins, Colorado

Date and method of water collection

Collected from the Powers! "bad" well, 100 yards west of the Powers! farm-
house, L P. M. July 16, 1955. Mr. Powers started pump and water ran for 10
minutes after which twe l-liter samples were ccllected in new, unused plastic
bottles. Samples were taken to Fort Collins and there used in two series of
tests:

Series I. Water used to moisten seedling sugar beets and tcmatoes.

Series II. Water used in a small field test as a plant spray on two

different sizes of sugar beets.
Results:

Series Ia. Sugar beets. Greenhouse test.

Sugar beet seed was sown in rows in 2 greenhouse weoden flat in a
Pasteurized greenhouse soil mixture on July 16th; when seedlings were 8
days old, the flats were allowed to become quite dry for 2 days; on
the 10th day, July 29th, they were watered once with Pcowers? well water
and thereafter zs needed with Fort Collins tapwater. The plants were watched
closely after treatment up until August 19. At no time were any proncunced
toxic reactions observed. In fact, in this limited test there was less
damping-off (fungus attack) of seedlings and slightly better grecwth in the
flat receiving the Powers! well water than in the controls. Photographs
of the condition of the plants on August Sth are attached

Series Ib. Tomatoes. Greenhouse test.
The experiment cn tomatoes was handled in the same manner as the sugar
beets with the same results. See photographs attached.

Series II. Sugar beets. Field Test.

Tosts were made at the College Bay farm, located 3 blocks west and 1/L
mile south of the intersection of College Avenue and Prospect Street,
Fort Collins, Colorado. Tests were located in the southwest 1/L of the
S-acre test block assigned to thz Botany and Plant Pathology Department.

Test Block A. Sugar beets were 10 inches tall at time of treatment.
Twenty feet of row was sprayed for each treatment as follows: Sprayed
July 19, 19%5.

Row 1. Leaves sprayed with distilled water.

2. Leaves sprayed to runofif with Powers! well water.

3, Leaves sprayed with distilled water.

L. Leaves sprayed to runcff with Munson's well water. (From well
1/2 mile north of Powers! farm.)

5. Contrcl - no spraying.



Page 2.

Test Block B. Sugar beets were 6 inches tall at time of treatment.
Twenty feet of row was sprayed July 19, 1955 for each treatment as follows:

Row 1.
2.
3.
ho
5.

Control - no spraying.

Leaves sprayed with distilled water. -

Leaves sprayed to runoff with Powers! well water.
Leaves sprayed to runoff with distilled water.
Leaves sprayed to runoff with Munsonts well water.

Observations were made twice a week until September 15th. In no case
was there any toxic response under the conditions of these tests.
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Letter Repart on Tests of Methyl Phosphoni®

Acid on Growing Plants, by W. S. Ryder, Ph.D.,

Camp Detrick, Maryland




HEADQUARTERS CAMP DETRICK
FREDERICK, MARYLAND

CMLCD-10-C 16 Aungust 1955

Mr, R, G, McChrystal
Project Engineer

The Ralph M. Parsons Co.
617 South Olive Street
Los Angeles 14,
Cazlifornia

Dear Mr. McChrystal:

Since last we corresponded, a few test results have been evaluated
and are enclosed herewith. We have been unable to do anything with
regard to inorganic phosphites in as much as such compounds are not
avalilable here. I have ordered =z sample of phosphorous acié with the
idea of making some inorgenic salts for testing. The material should
arrive any day now so that work can begin in the very near future. As
soon as we have any information you will be brought up to date immediately.

Your sample of methanephosphonic acid was tested in our regular
screening program. As I indicated to you on your visit to Detrick, we
test a2ll compounds by means of a foliar spray application at rates of
0.1 and 1.0 pound per acre on six different crop species: Black Valentine
bean, soybean, morning glory, radish, oat and rice. At 0.1 pound per
acre methanephosphonic acid produced no evidence of herbicidal activity
except a very slight stunting on oet. At 1.0 pound per acre, the follow-
ing results were observed:

BV bean - slight formative effect

Soybean - slight contact injury and formstive effect
Morning glory - slight chlorosis and necrosis

Oat - slight stunting

This compound was a2lso tested at the rate of 10,0 pounds per acre
with the following results:

BV bean - severe contact injury, moderate formative effect,
moderate stunting, two of the four plants died.

Soybean - very severe contact injury and severe stunting

Morning glory - same as soybean

Badish - severe contact injury

Oat - severe contact injury

Rice -~ severe contact injury and stunting

These results wnile only preliminary indicate that at a rate of 10.0
pounds per acre this compound possesses a fairly high degree of phyto-
toxicity. 1Its action is like a contact herbicide rather than a growth
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regulating compound. The fact that some formative effects were noted

on the bean species indicates some slight growth regulating activity
which needs further clarification. In order to test the effectiveness

of this compound as a soil contaminant, applications were made to BV
beans and radishes at rates of 1.0, 5.0, 10.0 and 100.0 pounds per acre.
At the highest rate the ceans showed slight chlorosis and stunting, and
the radishes showed a slight malformation of the bulbous root. It is

not unusual that considerably higher rates are needed for activity when
using soil applications. Further testing with both spray and soil appli-
cations.are needed before final conclusions can be drawn,

Fairly recently we obtained a sample of hexachlorocyclopentadiene
from Dr. E. S. Feicntmeir of Shell Development 2t RMA, He has supplied
us with some of the data on mammalian toxicity which you undoubtedly
already have obtained., This compound (Pl62) was tested in our reguler
screening program and showed no herbicidal activity =2t rates of 0.1 and
1.0 pound per acre. At the rate of 10.0 pounds per acre the following
results were obtained:

BY bean - very severe contact injury

Soybean - same as above

Morning glory - severe contact and slight stunting
Radish - very severe contact injury and moderate siunting
Oat - severe contact injury

Rice -~ slight injury

These results zre very similar to those for methanephosphonic acid
except that P162 gives no evidence of a hormone or growth regulating
type activity. Pl62 appears to be a rether potent contact type herbi-
cide. This material has been used successfully for some time by the
Oregon Agricultural Experiment Station as a soil sterilant and aquatic
herbicide. P162 has been used here in 1, 5, and 15% solutions of emulsi-
fiable concentrate in Diesel oil as a defoliant for woody species. At
rates of 18.3 gallons per acre applied on several species of woody plants,
contact injury has ranged from slight to very severe and defolistion has
been noted from 25% to 100%.

When applied to the soil at rates of 10.C and 100.0 pounds per acre,
P162 caused moderate to severe stunting of BV beans, At the higher rate,
the beans showed a moderate formstive response; while the radishes ex-
hibited very severe stunting and severe necrosis.

Again these results are only preliminary. It would appear that
P162 is somewhat more phytotoxic as a foliar spray compared to methane-
phosphonic acid. P162 is considerably more effective as & soil contami-~
nant compared to methanephosphonic acid.

Very truly yours,

lc/;;l&...,é_.&y‘t«//‘

cc to Mr, G. F. Donnelly William S, Ryder, Jr.
WSR:cd Plant Physiology Assistant
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ESTABLISHED 1936 PHONE HARRISON 4.3232

HUFFMAN MICROANALYTICAL LABORATORIES
3830 HiGH COuRrT. P.O. Box 1235
WHEATRIDGE. COLORADO

August 19, 1955

MICROCHEMICAL ANALYSES
SPECIAL PROBLEMS E. W. D. HUFFMAN, PH. D.

Analytical Report

(To the Ralph M, Parsons Co, as per P.O. #5-1329; req. #R.G. McC.)

The determination of orthophosphates, phosphites or hypophosphites, organic
phosphonates and sulfide sulfur in six water samples taken from the Arsenal (Denver)
and wells in the area., The specific conductivity of the water from the Jess C, Powers
well,

Table I
sample orthophosphates phosphites total organic sulfide
description mg P/ml hypophosphites phosphorus  phosphonates sulfur
method 1 mg P/ml mg P/ml ng P/ml ng S/ml
method 2 nethod 3 calculated —
plant intake 0,00 0,00 0,00 0.00 less than 0,0003
plant discharge 0,00 0.01 0.33 0,32 1" " "
lake 1 discharge 0,00 0.00 0,18 0,18 " " "
well 1 0,00 0,00 0,06 0,06 " " "
well 2 0,00 0.00 0,00 0.00 " " "
well, Poversfront 0,00 0,00 0,00 0.00 not determined

Specific conductivity of water from Powers well: 242 mho X lO%;at 25°C,
A, Phosphorus determinations:

Test values have been rounded to the nearest 0,01 mg. of phosphorus per milliliter
- zbout one part in 100,000, Without further study, and appropriate masking or separa-
tions, values to 0,001 mg/ml are in question because of interferences such as the presence
of silica, iron, eic,

At the C.01 mg P/ml level: (1) There are no orthophosphates present in any of
the waters tested (method 1); (2) only in the plant discharge was phosphorus found which
could have been present as phosphite, hypophosphite or an organic phosphorus combination
which could have been oxidized or hydrolyzed (orthophosphoric ester) to orthophosphate
br amronium persulfate (method 2); (3) In the plant discharge, lzke 1 discharge, and well
1 significant amounts of phosphorus were found after the sarples were subject to the
strong oxidizing action of hot nitric and sulfuric acids (method 3).

The applicability of the methods is tabulated in table II, Known solutions
of potassium dihydrogen phosphate, hypophosphorus acid and methyl phosphonic acid were
used as test standards,
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Table II
method 1. method 2 method 3
potassium dihydrogen phosphate quantitative quantitative quantitative
hypophosphorous acid negative guantitative quantitative
methyl phosphonic acid negative negative quantitative

Orthophosphate is measured by all three methods; phosphites and hypophosphites
by methods two and three, but not by method one; organic phosphonates by method three
but not by methods one and two,

Column 4, table I, gives the difference between total phosphorus (column 3)
and phosphorus plus phosphoric phosphorus (ecolumn 2), It is headed "organic phospho-
nates", However, to date no effort has been made to find positive proof of the
existence of organic phosphonates in the water samples, Considering the sources of
the water samples the presence of such compounds is entirely possible (also see table
II). Positive proof could be given only by the separation and identification of equiva-
lent amounts of such compounds, Further indirect evidence could be obtained by de-

termin%ng the magnitude of the organic carbon present (total carbon less carbonate
carbon),

Possibly the most significant value reported is the "organic phosphonate”
content of well 1 (0,06 mg/ml), This value has been checked thoroughly. Well contam-
ination by commercial phosphate fertilizers cannot be overlooked, However, such
materials should show positive tests for phosphorus by all three methods used, not just
by method 3,

B, Sulfide sulfur:

No positive test for sulfide sulfur was obtained in any of the water samples
examined (Table I)., In order to set a limit the semsitivity of the test employed
was determined., The test gave clearly positive results for sulfide sulfur in a con-
centration of 0,0003 mg/ml, {Organic sulfides, or disulfides were not measured, )
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Methods

A. Phosphorus:

Method 1, Three ml of water was pipetted into a 100 ml volumetric flask,
To this was added 1.5 ml of concentrated sulfuric acid and the
solution was diluted to about 65 ml,
Color development - see below,

Method 2, Three ml of water was pipetted into a 100 ml volumetriec flask,
To this was added one ml of 10% aqueous ammonium persvlfate
solution, The solution was heated on the boiling water bath
for 30 minutes, It was then cooled and diluted to about 65 ml,

Color develooment - see below, ;.}.‘J al couc HiSop added

Method 3, Three ml of water was pipetted into a 30 ml Kjeldahl flask,
To this was added 1.5 ml of concentrated sulfuric acid and
3-4 drops of cencentrated nitric acid., The solution was
boiled gently until the water had evaporated and then more
strongly until the nitric acid had been expelled and fumes of
sulfuric acid were visible, The solution was cooled, 3-4
drops of concentrated nitric acid added and heatedsgain until
fumes of sulfurie acid were visible, After cooling the solu=-
tion was diluted and transferred to a 100 ml volumetric flask
making the finsl volume about 65 ml,

Color development - see below,

Color Development for Methods 1, 2 and 3:

Reagents:

1,) Ammonium vanadate solution containing 0,20% vanadate, Cautiously add to
500 ml of boiling distilled water 2,35 g of ammonium meta vanadate and then 100 ml of
dilute sulfuric acid (1:12), After cooling make the solution up to one liter,

2,) Ammonium molybdate solution containing 10% MoO3. Dissolve 122 g of ammonium
molybdate in 880 ml. of distilled water,

Procedure, To the solutions (about 65 ml) in the 100 ml volumetric flasks
add: (1) 10 ml of the vanadate solution slowly with swirling followed by (2) 10 ml of
the molybdate solution, Make the solutions up to the mark with distilled water, mix,
and let stand 30 minutes, Read optical densities (compared to a blank) at 410 mu,
Determine quantitifes from a calibration curve, ’

B, Sulfide sulfur:

Test papers were moistmened with a solution of sodium plumbate prepared by adding

sufficient sodium hydroxide to a solution of lead acetate to dissolve the precipitate
first formed,

The sensitivity of the test papers was determined by holding them over a boiling
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solution of acidified sulfide solution of known concentration, A concentration of
0.,0003 mg S/ml was sufficient to give a good test (black coloration due to lead
sulfide formation),

Weter samples were acidified and tested in the same manner as the stan-
dard, No black coloration was observed,
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Miscellaneous Notes

1.,) The samples from the plant discharge and from the lake 1 discharge con-

tained insoluble material, This material was allowed to settle before samples
were withdrawn,

2,) In the early stages of testing for phosphorus the method used in the
Analytical Branch, Chemical Div., C, & R,L, for the determination of organic
phosphorus and inorganic phosphorus was used, This method was discarded be-
cause of interferences from silica, iron, etc,
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U.S. DEPT. OF THE INTERIOR -- GEOLOGICAL SURVEY
Statement of Water Analysis

(

Source _nuwW process water = R - e - -
Loce ion _ Rocky Moun‘ein Arsenal _“dams County, Coleredo . __ . _.
e L . % Sec T R FieldNo. ___ _ OfficeNo _—_____ . .
A
Date collected July 198¢ Tm of well . —— - -
Discharge - Depth (ft.) e wo_.Casedto__ . . _ _
Temp (°F) _ __Time Diameter (in.) —— -
Collected by _ Date drilled _ ___Use . _.
W. B. F. -
Depth to water (ft.) _
Owner —_—
- . :
Chemical components Physical characteristics
m epm and computed values
Silica (5109) % Dissolved solids (ppm)
Res. on evap. at 180°C ____98‘ e
Aluminum (Al) 0,0 sum 6ot —_—
Lon(Fe) 1/ 0.02 Suspended solids (ppm) e e
Hardness as CaCOj (ppm) ——m e
, Mar anrese (Mn) l/ 0.00 Calcium, magnesium ——y5 }
—x Total € _
Calcium (Ca) ._163 ] .)63 Non-carbonate 350 )
Magnes.m (Mg) . 1,81
Sod.um (Na) 128 ¢ 7 Specific conductance
Potassi.m (K) 2.9 w.13 (micromhos at 25°C) ___Il)‘.lio o
pH _ _F.o
B Color 0
Percent Na —_ _;35
¢(xidetion potential — 200 mv
Cations (epm) 1'5'_99__
Bicarbonate (HCO3) 198 3.2
Carbonate (COj) .0 000
Sulfate (SO Al
C:l:rfde (C‘l)) %&————1{' l’él" Radiochemical data
Fluoride (F) _- Z 0,04 [ Beta-gamma activity (micro-
Nitrate (NO?) 2.5 Q.OE microcuries per liter) e
rhoa -t ate (PO ) 4.5 . Radium (Ra) (micro-
- microcuries per liter) —— - -
Uranium (U)
Anions (epm) 1%5.29 (micrograms per liter) o
Diff: Cations - anions, epm .55
1/ In solution at time of analysis
] )
Lab. No._ .. 108 . ___ __ Approved by_ﬁ..éo Wilson . _ Date _Augnust 2l, 195y
| a L \"‘“’
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U.8. DEPT. OF THE INTERIOR -- GBOLOGICAL SURVEY
Satement of Water Analysis

Source __~rerical plant discharge u-E
Loca o Frcl?l Vounfiﬁl rsensl, County, Colorado
- —— j Sec T Field No. Office No
Date muected July 1955 Type of well —_—
Discharge Depth (ft.) Casedto___
Temp. (°F) L. Diameter (in.)
Collected by __R._G. Hc?hrysttf Veadr'i_llod Use N
Depth to water (ft.)
Owner
# Physical characteristics
Chemical components
m epm and computed values
Siiica (8103) - 'I.& sso L) m)o f0
Aluminum (Al) .1 ::: on evep. at 180°C ;:
Iron (Fe) 1/ Suspended solids (ppm)
Spe T I:%S Herdness as CaCOg (ppm) —
Mar ;anese (Mn) 1 / 0.00 Calcium, magnesium 7
- Total 4
Cuwtcrum (Ca) - N . Non -carbonate [
Magnes:um (Mg) 1.0 0
Sodium (Na) 3,340 5:: I Specific conductance
Potassium (K) 9,0 0,23 u(ll‘liCl‘Oll\hO‘ at 25°C) ___l(.-n‘_]...l_.l‘_---
— Color 0
Fercent Na ___._.lQ‘L- .
Cations (epmn) 145.69 | Cxidation potential T -——
Bicarbonate (HCOg) m = -6.0 mv
Carbonate (COg) . *
el "
ulfate 4) 1.
Chloride (C1) 3,230 91, Radiochemical data
Fluoriue (F) .26 | Beta-gamma activity (micro-
Nitrate (NO3) . . microcuries per liter)
®osnte (POp) N Radium (Ra) (micro-
microcuries per liter) R
Uranium (U)
Anions (epm) 140,62 (micrograms per liter)
Duf: Cations - anions, epm .97 _
'’ In solution at time of analysis

iab. No. 106 _

e —_— Approved by __R._

A._Wilson _pete _ August i, 17

120

g



707

U.S. DEPT. OF THE INTEBRIOR -- GBOLOGICAL SURVEY
!u.mc;t of Water Anmalysis

Source 'iIpper contaminated lake near ovorrlcu. Lake not overrlowinh AN,

Loca‘19n Roc tain Arsensl, Ad C , Colorado

_—— 2 Bec T R Field No. . Office No e

Date collected July %, 1955 Type of well e

Discharge Depth (ft.) , _Casedto________

Temp. (OF) Ti Diameter (in.)

Collected by K. 4. mqoﬁf g-tcadr,i‘ucd Use —
Depth to water {ft.) _
Owner -

Chemical components

?

Physical characteristics
and computed values

T _epe
i‘%i
0

Silica (8i0g)

Aluminum (Al)
lron (Fe) 1 /

Mar canese (Mn) 1 _/
Sp. g.
Calcium (Ca)
Magnes:um (Mg)
Sodium (Na)
Potassium (K)

“—%T——E%

Cations (epm) 151,67

16,72

1,020)3090 .
L23
2

£.81
Anions (epm) 14Z7.90

e
0.
.11

Bicarbonate (HCOyg)
Carbonate (COy)

Sulfate (804)
Chloride (Cl)
Fluoride (F)
Nitrate (NOg)
Phosprate (PO )

Diff: Cations - anions, epm
1/ in solution at time of analysis

T Xssolved eollds (ppm)
Res. on evap. at 180°C

Sum
Suspended solids (ppm)
Hardness as CaCOgq (ppm)
Calcium, magnesium

Total R

Non -carbonate e -
Specific conductance

(micromhos at 35°C) 1,200
pH [ % &

. Color O

Percent Ka ___ 100
Oxidation potential 110 mv

Radiochemical data

*-ﬁu-gamm. activity (micro-
microcuries per liter)
Radium (Ra) (micro-
microcuries per liter)
Uranium (U)
(micrograms per liter)

———— ot

Lab. No. 107

Approved by _.__-_A . Vihon

_Dete _ Ffugpust 2, 1955
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U.S. DEPT. OF THE INTERIOR -- GEOLOGICAL SURVEY

Statement of Water An.lyou

ornle from well

Sourc
L()::‘aﬁle)r, Yocky Fountaln Arsenal ,_hdans County, TQIQ”QQ
i - 1 SFElSec 22 T 2§_a§1!__ Field No. Oftice No
X - (1 "
Date collected suly 11, 195% “Type of we
Digcharge Depth (ft.) adout 38! Cased to
Temp (OF)_ Time. Diameter (in.)
Coliected by Date drilled Use
W. B F.
Depth to water (ft.)
Owner
Chemical components Physical characteristics
m epm and computed values
Silica (SlOg) .Eigf ﬁ-Muﬂ 8
Res. on evap. at 180°C 8,480
Alum:num (Al) ,% sum
fron (Fe) | _/ 75. Suspended solids (ppm)
e Hardness as CaCOg (ppm)
Ma. ;anese (Mn) l/ 0 00 Calcium, ma‘m’.im
s Y e
C wum (Ca) _2be 07 __ gg::lcarbonﬂe 987 __
Magnes: um (Mg) 101 8.3l
Sod:um (Na) 10}1‘:& Specific conductance
Potass:um (K) g E (micromhos at 35°C) 13,00
S pH - 1.9
_ Color 2
Percent Na B3
Cations (epm)130,00 | (xidation potentiasl 210 mv

Bicarbonate (HCOg) 161 2.&

Carbonate (COy) 0 0.

Sulf :

" ,a“.? (S04 3 .31 Radiochemical data

Chloride (C)) L, »

Fluoride (F) 3,5 0, Beta-gamma activity (micro~

Nitrate (NO3) . 0, microcuries per liter) -

srinte (."02 ) 0.0 Radium (Ra) (micro-
: microcuries per liter) e
Uranium (U)
Anions (epm) 132,65 | (micrograms per liter) —

Diff: Cations - anions, epm -2.€65

1/ In solution at time of analysis

Lab. No. 708 _______Approved by . A, Wilsop _ _ Date _August 24, 1955
d“\'\% N

[ A% 1]



U.S. DEPT.
Statement of

Source __ Yeter from well

709

OF THE INTERIOR -- GEOLOGICAL SURVEY

Water Analysis

Loca 1on Recky Mountain Arsenal, Adams County, Tolarado

. —§————48ec 23 _T25 _REIV__ Field No. . Office No .
Date collected July .11, 19¢5¢% Type of well . I N
Discharge . Depth (ft. )Jabout ©8' ~ Casedto ___ __ _
Temp. (OF) Time Diameter (in.) ————
Collected by Date drilled Use _ = _
W. B. F. _
Depth to water (ft.)
Owner

Chemical components

Physical characteristics

BPm epm and computed values
Silica (8109) Dissolved solids ppm)
180° 10
Aluminum (Al) 1 a‘s”m" on evap. at180°C  ——7g <0 -
hém (Fe) 1/ % Suspended solids (ppm) e o
P. &» Hardness as CaCOg (ppm) —— e
Mar zanese (lln)_l_/ Calcium, magnesium SR
~a Total ——e=i 29
calcium (Ca) 9 B.ﬁl_ Non-carbonate 3.“0
Magnesium (Mg) £9.Q)
Sodium (Na) 31, ) 11. Specific conductance
Potassium (K) 13 (micromhos at 25°C) ___114.398_ .
- pH e 8L
. Color ———__3
~ Percent Na - .51
Cati ( )152.79 (xidation potentisl T 220 mw

Bicarbonate (HCOg)
Carbonate (COy)

Sulfate (SO4)
Chloride (Cl)
Fluoride (F)

Nitrate (NO
(‘Po ) &

Phosrhe te
(see oppos, a ide)

4‘%———%&

Anions (epm) 1536k

«# Note: On (Pou) indicator faded from
e molybdate blue to colorless 3 min

after the addition of SnClz

Radiochemical data
—E‘-gnmmn activity (micro-
microcuries per liter)

Radium (Ra) (micro-
microcuries per liter)

Uranium (U)
(micrograms per liter)

Diff: Cations - anions, epm - .85
1/ In solution at time of analysis
Lab. No.__T199 Approved by _R._A. _Wilsen _Date _August 24, 1955

doh‘\g"m“w\
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Letter Report on Selenium Analysis by Dr, Boland,

University of Colorado Medical School




COLORADO GENERAL HOSPITAL

UNIVERSITY OF COLORADO
MEDICAL CENTER
4200 EAST NINTH AVENUE
DENVER 20, COLORADO

July 28, 1955

COLORADO PSYCHOPATHIC HOSMTAL

SCHOOL OF MEDICINE

Mr. R.G. McChrystal

c/o Ralph M. Parsons Company
617 South Olive

Los Angeles 1L, California

Dear Mr. McChrystal:

The Public Health Bulletin publication in 19L6 states the
maximum permissible concentration of selenium in domestic water
to be .05 ppm. Colorado General Hospital tap water has been found
to contain between .0l and .02 ppm. The samples which you sub-
mitted were found to be as follows:

Sample No. 1 =-—- .010 to 015 ppm selenium
Sample No, 2 --—- Less than .0l ppm selenium

We observed on analyses that Sample No. 2 contained com-
paratively high concentrations of other salts which we did not
jdentify. These may be the cause of your difficulty.

If we can be of any further assistance to you in the

determination of toxic materials in these waters or others, please
let us know.

Yours very truly,
ROBERT F. BELL, M.D., ACTING HEAD

By

Robert Boland, Chemist

JRB:skk Beverly, X. Sullivan, Chemist
Att.
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THE pARSONS CDRPDRATiON Worldwide Engineers/Constructors ORIGINAL
100 WEST WALNUT STREET
PASADENA, CALIFORNIA 91124 PROJECT DESCRIPTION

(818) 440-2000
Telex WH: 675-336

PISPSAL OF CHEM\CAL UJASTES)
PROSECT DESCRIPNONS

July 10, 1984

Rocky Mountain Arsenal Information Center
RIC Building 741

Attention: S. Michaels

SMCRM - TOE

c/o Rocky Mountain Arsenal

Commerce City, Colorado 80022

Dear Sherry:

Here are project descriptions for the chemical waste disposal
study Parsons did for the Corps of Engineers at Rocky Mountain
Arsenal.

Basically, they say the same thing, but since they were the only
jnformation I could find on this job, decided to send you copies
of all three.

Sorry we weren't able to locate more material for you, but do
hope you can use this information. Please let us know if we
can assist you with anything else.

Cordially,

v M ) !\ '\ r‘;—A
(\k)\ 5\/\/%/\,\—/ A ,"\w

Kathleen A. Richter
Corporate Relations

KR:tm
Enclosures

FILE CODY
L5 kAT X

Rocky Mountain Arsenal
Information Center
Commerce City, Colorado



CHEMICAL WASTE DISPOSAL STUDY

LOCATION: Rocky Mountain Arsenal, Colorado

CLIENT: Corps of Engineers, Omaha District

OBJECTIVE: To¢ study the disposal of chemical by-products and wastes
from the various operations at Rocky Mountain Arsenal,

and to recommend the most practical method of disposal.

Work Performed

Studies existing plant operations and disposal methods. Prepared
economic evaluation of various processes to purify by-products and convert
to salsble materials. Conducted market survey for by-products. Re-
commended changes in plant operations and installations of by-product
purification and recovery equipment valued at $2,900,000. Sampled well
waters for analysis, and consulted with agronomist and plant pathologist
to develop program to determine if phytotoxic agents were being dis-
charged from the chemical plants. Upon completion, the recommended
changes and additions actually saved the Chemical Corps $20,000 each

day of full-plant operation by recovering valuable materials being
wasted and from savings in disposal costs.

Description of Recommended Processes

Chemical Corps Piant No. 1

Valuable products were being lost in the anhydrous hydrogen chloride
by-product gas stream, and our first recommendation was to install larger
condenser and refrigeration capacity to reduce the loss of the valuable
product.

A system was designed to absorb the impure acid gas in water, then
purify the acid by fractional distillation. The pure hydrogen chloride
is reabsorbed to form marketable 20° Baume acid. Conversion of pure
hydrogen chloride to chlorine by various processes was investigated and
discarded because of excessive costs.

Chemical Corps Plant No. 2

This plant produces a large tonnage of aluminum chloride hydrate and
hydrogen chloride as by-products.

A system was designed to neutralize these by-products with caustic soda,
separate the aluminum hydroxide floc, and recover solid sodium chloride
as feed material to the existing chlorine plant.

STD. AE4113
9-27-63

The Ralph M. Parsons Company [ Engineers o Constructors | Los Angeles » New York
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CHEMICAL WASTE DISPOSAL STUDY

CLIENT: Corps of Engineers, Omaha District

LOCATION : ' Rocky Mountain Arsenal, Colorado

¥ % ¥ X X X X X X X ¥ X

Parsons undertook a detailed study to review existing plant operations
and disposal methods for chemical by-products and waste materials at the
Rocky Mountain Arsenal facilities. The study included an economic eval=-
uation of various processes for purifying the by-products and converting
these into salable materials; a market survey for by-products; sampling
and analyses of well waters; consultations with agronomist and plant
pathlogist in developing a program to determine the amount of phytotoxic
agents, if any, being discharged from the chemical plants. From the
results of the study and snalyses, recommendations were made as to the
most practical method of disposal.

The study of Plant No. 1 revealed that valuable products were being lost
in the anhydrous hydrogen chloride by-product gas stream. A plan was
developed for installing a larger condenser and increasing refrigeration
capacity to reduce these losses. A system was designed to absorb the
impure acid gas in water, then purify the acid by fractional distillation.
The pure hydrogen chloride is absorbed to form marketable 20° Baume acid.

Plant No. 2 was producing a large tonnage of aluminum chloride hydrate and
hydrogen chloride by-products. A system was designed to neutralize these
by-products with caustic soda, separate the aluminum hydroxide floc, and
recover solid sodium chloride as feed material to the existing chlorine
plant.

The recommended changes in plant operations and installations of by-product
purification and recovery equipment was valued at $2,900,000. Upon comple-
tion, the recommended changes and additions saved the Chemical Corps $20,000
per day of full-plant operation by recovering valuable materials being wasted
and by reducing disposal costs.

1113/668
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CHEMICAL WASTE DISPOSAL STUDY

Project Location - Rocky Mountain Arsensal, Colorado

Client - Corps of Engineers, Omaha District

Work Performed - Performed studies and economic evaluations; conducted

surveys and recommended changes.

Project Description - A detailed study was undertaken to review existing

plant operations and disposal methods for chemical by-products and waste
materials at the Rocky Mountain Arsenal Facilities. The study included an
economic evaluation of various processes in purifying the by-products and
converting these into salable materials; a market survey for by-products;
sampling and analyses of well waters; consultations with agronomist and
plant pathologist in developing a program to determine the amount of
phytotoxic agents, if any, being discharged from the chemical plants.

From the results of the study and analyses, recommendations were made as
to the most practical method of disposal.

The study of Plant No. 1 revealed that valuable products were being lost
in the anhydrous hydrogen chloride by-product gas stream. A plan was
developed for installing & larger condenser and increasing refrigeration
capacity to reduce these losses. A system was designed to absorb the
impure acid gas in water, then purify the acid by fractional distillation.
The pure hydrogen chloride is absorbed to form marketable 20° Baume acid.

Plant No. 2 was producing a large tonnage of aluminum chloride hydrate
and hydrogen chloride by-products. A system was designed to neutralize
these by-products with caustic soda, separate the aluminum hydroxide floc,
and recover solid sodium chloride as feed material to the existing
chlorine plant.

The recommended changes in plant operations and installations of by-product
purification and recovery equipment was valued at $2,900,000. Upon
completion, the recommended changes and additions actually saved the
Chemical Corps $20,000 each day of full-plant operation by recovering
valuable materials being wasted and from savings in disgosalvcosts.
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