ANHYDROUS ™ AMMONIA FOR AGLD MINE DRAINAGE

A

Mr. James Hajec
Sales Representative

NATIOMAL AMPMONIA COMPANY

Tacony % Vankirk Strests
Philadelphia, PA 19135

Telaphone: 1-BOO-B43-2626 (inside PA); 1-BOO-643-6226 (outside PA)




AMHAYDROUS AMMONIA FOR ACID MINE DRAINAGE

There is a rapidly growing interest in the use of anhydrous ammonia a=
a neutralizing agent for acld discharges associated with coal mirting.
Ammonia is a very cost effective and operationally efficient chemical
for the coal indust;y and its uzge has sclved several difficult water
treatment problems. The Philadelphia based Mational Ammonia Company,

é member of the West ¥Yirginia Mining &% Reclamation Association, has
been supplying ammonia ta the mining industry for many years. Our
service also includes the lease of one or mare 1000 gallaﬁ stationary
storage tanks, ammunia-vaparizérs and ammonia asscciated hardware and
-safety items. The cost of leasing an ammonia storage tank depends on
ammania wsage and may be as little as one dallar per year. Ammonia
deliveries are made by trained professicnals, driving cur own fTlest of
well maintained trucks. We offer ammonia safety training to our
customers at no charge.

The information which follows has been compiled from many sources. I
have reliéd on the experience of many of our customers in the water
treatment fleld to formulate the following ammonia treatment guide.
Experience has shown that,” because of the many variables involved in
the treatment of acidic wa£er, it is necessary to analyze the condi-
tions at your individual site to determine if the use of anhydrous

ammonia is the right treatment for vau.



.ﬁnhydruus ammonia 1s transpoarted and stored as a liguid in carbon =steel
pressuyre yessels rated for 250 psig. Bercause the ammonia liguld has a
very high ceefficient of expansion, & 15% vapor space is always left at
the top of a vessel, This allows the vessel o be sxposed only to tho
vapar pressure of the liglid and not to a hydrostatic pressure which
could be extremesly high. The vapor pressure aof liquid ammonia at 709F
iz relatively low; about 114 psig, but iz high encugh at normal ambient
temperatures to perﬁit its use as a source of pressure for feeding
purposes,. Therefore a pump is not necessary, Ammonia has very narrow
limits of flammability (16 $o 25% by volumz2 in air) and is difficult &o
ignite. Based on this, 1t has been classified by the U.E.D.D.T. as &
Nonflammable Gas. Additicnal fechnical informatiosn on ammonia is

available in the pamphlet “"Storage & Handling of Anhydrous Ammania".

Historically, the cost of ammonia has been low and stable and Very com-
petitive with other pepular neutralizers. Alaa, there are several sig-
nificant operational advantages to the use of ammonia. Ammonia will
not freeze, gel or solidify at low temperatures so it may be used in
all meascopns. As a compressed gas, it doas not have to be pumped ar
gravity fed. A storage tank may be located for caonvenience and not

Tor reasons imposed by power scurces or topography. Ammonla is homo-
genicus=s and requires mo mixing or additional agitation. There are no
heavy bags or drums ta transport or storage facilities needed. Once a
tank is in place, no one, othar than ocur trained drivers, need come in
contact with the chemical. Yalves are simply opensd or closed. There
are few chances for accident or injury. The reduction in man-hours

which are made possible by using ammonia can be quite significant. Ths



rapid and complete reactlon of the ammonia with the water makes accur-
ate feed rontral possible resulting in ﬁinimal waste.

The earliest method of ammonia treatment wtilized a floating or surface
injection point on a pond. The ammonia was fed in vapor form. A sale-
moid valve was located in the line feeding $£he injection paint and She
valve w3s opened and closed by 5 pH contraoller located at the pond
discharge point. The valve cpened when the pH reached a low zet point
and clozed when the pH reached & high set point. Although this method
is =still used where the site has several ponds iﬁ series, 1t does
present somes problems wheve only one pond is involved. Because the
ammonia concentration is always greater at the injection polint than it
iz at the pond discharge. point, the water between the injection point
and the pond discharge point is always over treated. An ammonia water
mixture is less dense than watar alome and will tend to remain on the
surface. The effect of weather on the abllity to maintain close
control cannot be over emphasized!

Ta maximize the efficiency of any chemical treatment, it should be used
continuously and only to the extent nmecessary. The latest and most
efficient method usad today is the "continuous $Sreatment” method devel-
cped by Tiff Hilton a3t Leckie Smokeless Coal. The ammonia vapor is
injected at the @ntrante channel to the pond where it is evenly
dispersed into +the pond. Where flows are constant, such as ponds being
fed by water pumped from deep mines, a simple manual system can be
installed. The system components are, the storage tank, a 1/2" or 2/4"
steel pipe line, a needle valve for contral and a check valve to
prevent water from coming back inta the storage tank. Refer to Drawing

i.



Ao g

: _ﬂﬂ_gufd.fﬂl': . Lbmtvel Yalve | Chek Vajrae

Drawing i.
When ammonia is used in vapaor form, the vaporization of the liguid in
the storage tank requireé heat. This heat i= ftaken from the ammonia
liquid remaiming in thé tank which is gradually replaced by heat from
the surrounding air. In winter weathsvy, little heat i< available from
thE_sufrnunding air and the storage tank will become very cold. Since
the vapor pressure of ammonia is dependent on its temperature, the
pressure car bacome very low. When this pressure is being used to
motivate a Teed system, the variation in pressure causes variation in
feed rate and poor control.
Variatioms in pressure may be eliminated by using & pressure regulator
and/or an electrically operated vaporirer. The vaporizer maintains
pressure by providing the hesat required to vaporize the ammonia. AR
electrically powered vaporizer will be provided by National Ammonia
with a storage tank at no extra charge. Additional infarmation on a
vaporizer is available in the pamphlet "Storage & Handling of Anhydrous

Ammonia®. Note that a pressure regulator will lower the pressure and

bold it at a fixed level but 1% cannot raise the pressure.



The cperation of the "ctontinuous treatment" method may be improved by
the use af a proporticoning wvalve, a proportioning pH comtroller and a
pH probe, With this system, gradual changes in water flow rate; wWater
pH and ammania flow rate tause gradual changes in the proporiioning
valve setting resulting ifh closar control of feed rate.

As an added "built-in safeguard", where power is availabla, we

recomiend a pH probe contral instroment comnected to a solenoid valwve

located at the storége tank. If the pH reathes the high set paint due
to low water flow, a malfunction, %ampering 2tc., the entire system
would shut down before an excessive amount of ammonia could be
discharged imnto the raceiving siream.

Ammonis buffers itself at approximately 2.2 pH. This is probably the

moat significant fact which 5h$u1d be Tully understood when dsing

ammonia for a specific application. Whether using ammonia, =odium
kydroxide ov any other chemical, one should treat the water only to the
degree necessary to meet the effluent limitaticons.

In coal mining, there are basically three different limitations an the

effluent which must be met. These limitationse are on pH, Iron and

Manganese. Each of these reqguivres a different level of freatment to

meet effluent limitations. If is possible for all three problems to

exist with the gsame water, but generally this is nat the case.

Example 11 The water being treated is low in pH and both iron and
manganess are abs=nt, Treatmant in this case would not need
to exceed a 7 pH and legally the pH could be maintained
between a 6 and 7 pH.

Example 2; The water being treated has an iron level excepding the

effluent limitations., The pH may or may not be acceptable



Example 3:

Following are two examples of

examples,

rotice how the ammonia begins

sodium hydroxide is

tut this is irrelative if the plan is &o
iron hased =n pH. There is n& mMangansse
this case, without using chemicals (such
Ultrion, an oxidizerl, Lreatment in this
require that t%e pH be raised to between

This water has a manganese content which

precipitate the

in the water. In

as flocculants or
case would probably
an B and a 2 pH.

exwrcEpds the

effluemt limitations. Again, the iron content and pH are

irrelevant if the intention iz to take out manganese by pH

alope. In thizs example, the pH should bBe

raiszd to a 9.8

if ammonia is wsed or to 10 or 10.4 pH if sodium hydroxide

i= used. Because all waters are different, ihese values may

Yary .

-

actual titration curves. In thece
being compared to ammonia. In Fig. 2,

to buffer itself around a 9.% pH.

In thic example, AgQua ammonia (29.4 X by weight of ammania in waterl

was used instead of 100% anhydrous ammania.

Had anhydrous ammonia hean

used, the amount requived to generate & 9.8 pH would have heen 0.9 ml.

¥ 4294 or .28 ml. instead of the 1.0 ml. indicated.

The actual cost of the treatment is illustrated in Figure 3. These

cost figures are based on 1990 prices for material purchased in bulk.

Mote that there is a considerable cost differentizl betwesn ammonia and

sodium hydroxide to achleve a specitic pH. However,

curves, the gap begins %o close as the pH increases,

as in the titraticn

Even with this

tlosing gap, ammopnia is =till 50X more cost effective for manganese

removal and am much a=z BS to 20X more cost effectve for iron removal.

Figure 2.

also demonstrates haw important it is to

fine tune" the fesd
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system so as not to over treat. Samples shouwld be taken and curves
prepared for each planned treatment site.

Ammonia may also be used in cocal preparation plants safely and without
odor. It will not adversely affect the flocculents used 1in the plant
and the gelatinous precipitate Tormed will assist in clearing the
fines, Ammonia can be added as 3 vapor when cleose coentreol is reguired
or Az a liquid when rapid nedtralization is required. This flexibility
is a great advantaga for plants that wash several different seams of
ccal where ach has a different effect on pH control. Ammonia has been
introduced to the froth cells and to the thickener. This applicaticn

usually involves a tank, piping, a proportioning valve, a check valve



before the thickensr, & pH probe in the pipe, & pH comtroller and a

strip chart recorder.

Eztimates of the guantity of ammonia which will be reguired for a given

situation may be made by using the "Equivalent Acid Neuwtralizing

Capacity" shown in Table 1. Where no previous experience is

available,

a sample quantity of water should be taken (5 gallons), the

water treated with cone of the li=zted materials until the desired

resillts are obiained amnd the equivalent amount of ammonia calculated.

Equjvailent Meutralising Capacity to One Pound of aAnbydrous Ammonis

AgQua AMMSNLia, Z6% Pl aeweniiitrevsusoannnnsnnsnssnsannss 2.40 lbs.

Liquid EauEtic Ec’da' EDEIIIIIIIIII'.IIlllliillllllllhql?a 1h5-

Flake, Bead or Sclid Caustic Soda....ccivvannrcnnnnns 2.35 lbs.

T R o feaaan-. +3.12 1hs,

Burnt LimE, gﬂx...l.] gt d B ma b g s i b reEEEsaEn i mad EEEEm 1-?7 1hEl

Limestone, 90K, .. . ncrernronanrrsarsnnsnsnsnnnnnnanns 3.28 lb=.
Table 1.

Following are some important properties of anhydrous ammonia.

1. Ammonia

lighter
2. Ammonia
3. Ammanis
4. Ammaonia

COppET .

is lighter thamnp water; water soluticons of ammonias are
than water.

bails at -28°9 F.

kas a molecular weight of 17.0322.

is rot compatable with copper, brass, zinc or any alloys

Use only steel or stainless steel hardware.

5. Anhydrous ammonia liquid is colorless.

E. Anmonia

reacts with water in two ways:

(=% §




ta) It divectly combines with hydroger ions (acidityl) to farm NH4.

(b> It combipes with water to form NH$ + OH, leaving the hydroxyl
ion formed to combine sither with the metals or with hydrogen
iong.

7. Inventories and releasks of anhydrous ammonia are reportable under

the 5.4.R.A. Title III Regulations (Community Right-To-Krow Actl.

8., Ammonia does not accumulate ipn the body, but is processed and

discharged daily‘as a normal body function

9. The use of ammonia requires madification of ;cur N.P.D.E.5. permit.

1. Ammania buffers itself at approximately 9.2 pH.

Il. Agqua solutions of ammonis act as solvents rather than precipitators
which can result in over treatment unless close control is
exercised.

12, Exposure limite for ammonia established by OSHA are 35 ppm short

term exposure (STEL) and 25 ppm time weighted average (TWA.

Scurces for Syztem Hardware:

Valvas, Sclencid Valves, Pressure PFegulators, Pressure Gauges:

National Ammoniad Co. . eecasauuaewannaa BOU-543-822E
{in Pennsylvanial...B800-6d432-2625

pH Instrumenti
Data Agquisition ByStEMisssssssasnns.412-327-8379
Great Lakes Instruments InNc.i...nseen414-355-3601

Bactk Check Yalves: |
ANAlab. .o st 204 -255-4821
Continmental NH2 Products........ « e~ -BO0-8537-0842

Hanmsen Technologies CovDes s s u e s e nnmas 800 -426-7268



Ammonia Hose:
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If you are considering the use of anbhydrous ammonlis at your site for

water treatment, the following steps are suggested:

1.

Analyze wour receiving streams for existing total nitrogen, ammonia,
nitrites, nitratés, pH and sulfate5..Yau may be located in an arsa
where the mxisting ammonia level is too high.already and the addi-
Eion wf mﬁre ammznia conld damage the stream environment. This hap-
pens in areas located near farm drainage, raw sewage saurces, hat-
chery effluent etc.

If yvou find the stream quaiity low or abgent of ammonia, proceed hy
performing a Benthic study of your receiving stream. Study abave and
below the canfluence‘uf the discharge and the stream. Contention is
that ammonia treatment can cause problems associated with the micro-
and macro-communities so it is wise to document your pre-ammonia
water quality. Alsae, there exists a fear that acldity will be cre-
ated downstream as ammonia is nitrified. So far, this has only been
demonstrated in the laboratory and not in the field.

Request in writing, to the State, to medify your NPDES permit to
include ammonia as a chemical to treat water at your site. Be sure
to include your background data to Jjustify your request. If approv-
ed, you will ba sent DMMR's whith reguire that you sample the stream
for total ammonia converted to un-ionlzed ammonia, nitrites, ni-

trates and pH. Upn-iocnized ammonia has proven to b2 harmful to agqua-

tic life and, based on limits established by the Water Rezources



Board, must be kept less than .0Z PPM in trout streams and less than
03 PPM Ln all other sirveams. Urn-ionized ammonia is calculated,

uging total ammonia, temperatyre amd pH by ouse of the following

formula.
Towtal Ammonias - N
Up-ilonized Ammonias = 1.2 -
{ pka -~ pH 3
1 + 10
=730
Where pka = 00,0907 + [ ]

273.2 + T°C

With wyour NﬁDES permit approved, determine the gquantity of ammonia
you will regquire ana the storage capacity vou will need. The quan-
tity of ammonia you will use can be determined by calculating the
ammznia equivalent to other chemicals you may have used in the past
or by treating a sample guantity of water to cbtain the reguired
results and multiplying this amount by the total quantity of water
‘to be treated. 1f vour lab 1s not capable of performing a titration
test, contact Mational Ammonia Campan# arnd we will arrange to have a
raw water sample taken and a titration performed for you.

Azssuming a minimum two week delivery cycle and a 70X

useable tank capacity, your storage requirementz can be e=stimated.
Tank sizes commonly available are 1000, 10,000, 12,000, 15,000,
18,000, 25,000 and 30¢,00C gallons. Contact your MNational Ammonlz
Company Sales Representative for information on the tanks and other
hardware you may require.

Once you krow tank sizes and locations, you must comply with SARA



Title 111 and Commumity Right-te-Know laws by notifying your lacal
fire department, your Local Emergency Plamning Commission (LEPCY and
vyour State Emergency Planning Commizsian.

Establish your monitnﬁing parameters. I would advise smaveral down-
straam sampling points 1in addition fto that reguired by your permit
and monitor for pH, Total Ammonlia, Mitrates, Mitrites and Dissolved
Oxvygen. Downstream results should be constantly coampared with up-
stream samples.

Finmally, the use of ammonla is et for everyone. It should be used
anly hy responsible pefsons who will ugse it safely and constantly

manitor the results of its use and its effect on the envivronment.

fdekrowledgements: :

John Adalr, Maticnal Ammonia Company

Tiff Hilton, Leckis Smokeless Coal Company

Al Whitehouse, Office of Surface Mining

Ron Lilly, Analabs, Incorporated



