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NOTICE

All Performance Test Codes MUST adhere to the requirements of PTC 1, General Instructions. The following infor-
mation is based on that document and is included here for emphasis and for the convenience of the user of this Code.
It is expected that the Code user is fully cognizant of Sections 1 and 3 of ASME PTC 1 and has read them prior to
applying this Code.

ASM : ] ] 1y 2 ] ] g ACCy onsistent
witH the best engineering knowledge and practice currently available. They were developed by balanced eonmittees
reprpsenting all concerned interests and specify procedures, instrumentation, equipment-operating-requirements,
calcpilation methods, and uncertainty analysis.
en tests are run in accordance with a Code, the test results themselves, without adjustment foruncertaipty, yield
the est available indication of the actual performance of the tested equipment. ASME Performance Test Codgs do not
spedify means to compare those results to contractual guarantees. Therefore, it is recommefided that the pafrties to a
comjmercial test agree before starting the test and preferably before signing the contract o1y the method to beJused for
comparing the test results to the contractual guarantees. It is beyond the scope of any«€ode to determine or [nterpret
how| such comparisons shall be made.

ormance proced Ccld O
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FOREWORD

The ASME Performance Test Codes Committee voted in December 1965 to establish a Test Code Committee for
Demineralizers (PTC 31) and later approved as PTC 31 Committee’s objective, the development of a Test Code that
would define the procedures for the accurate testing of ion exchange equipment for determining level of perform-
ance. The name of this Committee was changed at the request of PTC Committee No. 31 from Demineralizers to Ion

Exchan

e Fquipment on June 12, 1970

Most §
treatmer

from Wj;er, or may be a relatively complex process employing one or more types of ion exchange resin proce

and/or
ment is ¢
high cor
billion t
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draftar
selected
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intereste

This e
Standard
approve

team generation cycles, either for process application or utility power production, require the use ofW
t equipment. Such equipment may be a simple process application, removing only hardness constity

embrane processes each with a high degree of instrumentation and control logic. Additionally, such eq
mployed in virtually all types of nuclear steam generation cycles, processing water containing not only
centrations of impurities, but also treating liquids with impurity concentrations in thie-range of parts

parts per trillion. Because performance of such process equipment directly influeces the efficiency
f steam generation cycles, a Committee was named by The American Society of Mechanical Enginee
bvised Performance Test Code for High-Purity Water Treatment Systems. Members of this Committee
on the basis that equipment manufacturers, users, and consultants as well as_general interest groups Y
ted. A draft of this Code was distributed in September 2011 for comment and criticism by industry and ¢
d individuals.
Hition was approved by the PTC Standards Committee on September.2, 2011, and approved and adopted
| practice of the Society by action of the Board on Standardization’and Testing on October 7, 2011. It was
H as an American National Standard by the ANSI Board of Staixdards Review on November 21, 2011.
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CORRESPONDENCE WITH THE PTC COMMITTEE

General. ASME Codes are developed and maintained with the intent to represent the consensus of concerned
interests. As such, users of this Code may interact with the Committee by requesting interpretations, proposing revi-
sions, and attending Committee meetings. Correspondence should be addressed to
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Secretary, PTC Standards Committee

The American Society of Mechanical Engineers
Three Park Avenue

New York, NY 10016-5990

ing Revisions. Revisions are made periodically to the Code to incorporate changes that appear necessa

y or

, as demonstrated by the experience gained from the application of the Code. Appfoved revisions will be

d periodically.

bmmittee welcomes proposals for revisions to this Code. Such proposals should\Be as specific as poss
e paragraph number(s), the proposed wording, and a detailed description 6f the reasons for the prop
b any pertinent documentation.

ing a Case. Cases may be issued for the purpose of providing alternative rules when justified, to pg
blementation of an approved revision when the need is urgent, or td¢provide rules not covered by exis
hs. Cases are effective immediately upon ASME approval and shall\be posted on the ASME Committee

st for Cases shall provide a Statement of Need and Backgrousd Information. The request should ide
b, the paragraph, figure or table number(s), and be written,as a Question and Reply in the same form
Cases. Request for Cases should also indicate the applicable edition(s) of the Code to which the prop
lies.

etations. Upon request, the PTC Standards Condmittee will render an interpretation of any require]
bde. Interpretations can only be rendered in response to a written request sent to the Secretary of the
[s Committee. The request for interpretation‘should be clear and unambiguous. It is further recommer
nquirer submit his/her request in the following format:

Cite the applicable paragraph-number(s) and the topic of the inquiry.
Cite the applicable edition of the Code for which the interpretation is being requested.

Phrase the question-as.a request for an interpretation of a specific requirement suitable for gen
understanding and-se, not as a request for an approval of a proprietary design or situation.

The inquirer mayalso include any plans or drawings that are necessary to explain the question;

however, they-should not contain proprietary names or information.

sts that are notdn this format will be rewritten in this format by the Committee prior to being answyg
ay inadvertently change the intent of the original request.

procedutes provide for reconsideration of any interpretation when or if additional information that ny
interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cogni
ominittee or Subcommittee. ASME does not “approve,” “certify,” “rate,” or “endorse” any item, cons
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Attending Committee Meetings. The PTC Standards Committee and PTC Committees hold meetings regularly,
which are open to the public. Persons wishing to attend any meeting should contact the Secretary of the PTC
Committee.
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HIGH-PURITY WATER TREATMENT SYSTEMS

Section 1

1-1( OBJECT
1-1.1

is Code defines the procedures for the accurate field
testing of high-purity water treatment systems for the
purppose of determining level of performance. It is based
on the use of accurate instrumentation and the best ana-

Upon completion of tests, the report issued should
proyide all necessary base line data against which all
futufre operational test results can be measured\to assess
deterioration of performance in the interim:

1-1.B

B¢fore formulating the procedure for testing a specific
prodess or system, the Code on’ General Instructions
PTQ1 should be studied and-followed in detail.

1-1.

Tlhe Code on Definitions and Values (PTC 2) defines
certain technicalhterms and numerical constants. Unless
othgrwise specified in this Code, instrumentation should
comply with the sections of Supplements on Instruments
and [Apparatus (PTC 19 Series).

Object and Scope

procedures and calculations of test résults require more
involved provisions for testing,

1-2.1

This Code is applicable to the following typeq of high-
purity water treatment systems, which are either used
individually or i various combinations depending on
requirements of the process:

(a) membrane equipment including but nof limited
to, migcrefiltration, ultrafiltration, nanofiltration, and
reverse\0smosis

(b)> ion exchange equipment including, but nof limited
fo,” softeners, dealkalizers, multibed deming¢ralizers,
ixed-bed demineralizers, and condensate poljshers

(c) hybrid equipment including, but not limited to, elec-
trode ionization (EDI) and electrodialysis reversal (EDR).

1-2.2

This Code applies to equipment and systemg that are
utilized for

(a) the conditioning of makeup, feedwater, pnd con-
densate for steam generation

(b) the conditioning of process waters

1-23

This Code applies to the performance of high-purity
water treatment systems at design, minimum flow rates
or maximum flow rates, depending on the pyrpose of
the test, with regard to one or more of the folloying;:

(1) water quality and quantity of influpnt and
effluent

(b) pressure drop, flow, and temperature

1-2 SCOPE

Only the relevant portion of this Code need apply
to any individual case or test under consideration. In
some cases the procedure is simple; however, for com-
plex systems or complex modes of system operation, the

(c) startup, shutdown, and lay-up procedure
(d) operating efficiency

(e) media testing

(f) media cleaning and maintenance

(g) chemical purity and solution concentrations
(h) associated chemical equipment
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1-3 TEST UNCERTAINTIES
1-3.1

Expected test uncertainties cannot be established
because of the inability to control operating parameters
that are the causes of the uncertainty. The following
is a partial list of parameters that may impact the test
uncertainty:

(a) seasonal variations in influent water characteristics

1-3.2

As stated in subsection 1.1, this Code primarily pro-
vides guidance in the design and operation of the high-
purity water treatment systems. Section 5 is included to
identify dominant sources of errors and their effect on
the test results but not serve to validate the quality of
the results.

(b) agug Uf cquipulcut dllb‘l lllﬂclid
(c) ogerator interface
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Section 2
Description and Definition of Terms — lon Exchange

2-1 _DEFINITIONS

anions, total exchangeable: numeric sum of the anions

acidffy: expression of the concentration of hydrogen ions
present in a solution.

alkalynity: expression of the total basic anions (hydroxyl
groyps) present in a solution. It also represents, particu-
larly] in water analysis, the bicarbonate, carbonate, and
occasionally, the borate, silicate, and phosphate salts that
willreact with water to produce the hydroxyl groups.

alkalynity “M” (total alkalinity): the total titratable alkalin-
ity dJown to the pH of 4.3. It represents hydroxide car-
bonate and bicarbonate ions in the water.

alkalinity “P” (phenolphthalein): the titratable alkalinity
down to pH 8.2. It represents the hydroxide and carbon-
ate ipns in the water.

amite cycle: operation of a cation exchange cycle in
condensate polishers wherein the removal of specified
catigns from the influent condensate is accomplished by
exclange with an equivalent amount of amine ion from
the ¢xchange material.

aniof: negatively charged ion, such as chloride (CLY), sul-
fate [(SO.), nitrate (NO;), carbonate (CO;), fluoride (F),
bromine (Br~), carbon dioxide (CO,), and sitica\(SiO,).

anioft exchange material: ion exchange material capable of
the feversible exchange of negatively-charged ions.

aniofr exchange material, intermediate’ base: ion exchange
material containing a mixfure of weakly basic and
stropgly basic groups. The properties of this resin are
intefmediate between thé)weak and strong base anion
exchangers.

aniof exchange material, strong base: ion exchange mate-
rial gontainingthe highly ionized quaternary ammonium
fungtional gfeup. It can remove both the highly dissoci-
ated| strong-acids (sulfuric, hydrochloric, nitric, etc.) and
the Yeakly dissociated weak acids (carbonig, silicic, etc.).

listed above including the anions from carber] dioxide
and silica, with all being expressed as calgitim chrbonate
(CaCQO,) equivalents.

array: numeric description of the mumber of modules
contained in the stages or passesin the system.

backwash: reverse flow of water through the medjia to flu-
idize and reclassify the bed to'remove suspendgd matter
and fines.

breakthrough: first appearance in the solution| flowing
from an ion exchange unit of unadsorbed ionp similar
to those that.are-depleting the activity of the r¢sin bed.
Breakthroughis an indication that regeneratign of the
resin is necessary.

calciunp-carbonate (CaCO,) equivalents: preferredl report-
ing form of ionic concentrations of impurities [in water
facilitating calculations because calcium carbgnate has
a molecular weight of 100 and concentrationp can be
totaled and balanced when in this form.

cation: positively charged ion, such as sodiup (Na™),
calcium (Ca**), ammonia (NHj), magnesium|(Mg*™),
potassium (K*), barium (Ba*™), strontium (Sr[ *), iron
(Fe™), manganese (Mn™ ™), copper (Cu™*), and alumi-
num (AlT*F).

cation exchange material: ion exchange material cgpable of
the reversible exchange of positively charged iqns.

cation exchange material, intermediate acid: ion g¢xchange
material containing a mixture of weakly acjdic and
strongly acidic groups. The properties of this fesin are
intermediate between the weak and strong ac]d cation
exchangers.

cation exchange material, strong acid: ion exchanpe mate-
rial containing the highly ionized sulfonic adid func-
tional group (SO,H). It can easily split salts converting
them to acids.

anion exchange material, weak base: ion exchange material
containing the polyamine functional groups. It is highly
ionized in the salt form and can operate only when pH
is below 7. Weakly ionized in the free base form, it has
little, if any, salt-splitting capacity and can remove the
anionic component of strong acids (sulfuric, hydrochlo-
ric, nitric, etc.) only.

anions, total: numeric sum of the anions listed above
except carbon dioxide and silica, with all being expressed
as calcium carbonate (CaCO,) equivalents.

cation exchange material, weak acid: ion exchange mate-
rial containing the weakly ionized carboxylic acid group
COQOH, which has a great affinity for the hydrogen ion.
When operating in the hydrogen (H") form, it removes
only that part of the total cations that is equivalent in
amount to the bicarbonate alkalinity. When operating
in the sodium (Na*) form following regeneration with
acid followed by regeneration with caustic soda (sodium
hydroxide), it removes only the hardness ions Ca** and
Mg*+.
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cations, total: numeric sum of the cations listed above
with all being expressed as calcium carbonate (CaCO,)
equivalents.

cations, total exchangeable: numeric sum of only those cati-
ons listed above to be removed, with all being expressed
as calcium carbonate (CaCO,) equivalents. For example,
in simple softening ion exchange, this would be the sum
of only the hardness ions calcium and magnesium. This
is also referred to as “total hardness.” However, any

higher flow rates per square foot of resin bed surface
than mixed-bed units employed for high solids water
processing.

condensate ion exchanger: ion exchange equipment con-
taining cation exchange resin in the sodium or amine
form that is used for the removal of contaminants
from steam condensates. Generally, this equipment
is designed to operate at a much higher flow rate per
square foot of resin bed surface than a typical softening

multivalpntion held stronger than sodium would also
be remoyed. In naturally occurring waters these ions are
usually Very low in concentration relative to hardness
levels ar{d can normally be ignored.

cellulose |acetate: cellulose material used in a reverse

channeling: cleavage and furrowing of the bed due to
faulty d¢sign and/or operational procedures, in which
the solutfion being treated follows the path of least resist-
ance, rufs through these furrows, and fails to contact
active groups in other parts of the bed.

cocurrent] flow: direction of flow of the regenerant is the
same direction of flow as the service flow.

colloids: fnatter of very fine particle size, usually in the
range of[10° cm to 107 ecm in diameter. Colloids of iron
and silich are frequently found in surface waters, carry
electrical charges, and cause fouling of reverse osmosis
membrahes and pass completely through ion exchange
resin beds.

color thrpw: describes the phenomenon of processed
effluent peing colored more than the influent, generally
caused hy

(a) ddterioration of ion exchange resin stored)for pro-
longed periods at elevated temperatures

(b) deterioration of ion exchange resjri'due to repeated
freezingfand thawing

(c) high content of iron in raw,water

(d) mijcrobial contamination-efraw water

(e) legching into the effluent’of residual monomers
from thelmanufacturing proeess as a result of prolonged
or repeafed storage

common freader intersounection: ion exchange unit inter-
connectipn method where all units of identical type or
function| are_interconnected by a shared influent and
effluent pipedheader.

1on-exchanger. Mixtures/blends of steam/process con-
densate and makeup water may also be processe¢l by
this equipment.

condensate polisher: see condensate demineralizer and|con-
densate ion exchanger.

conductivity (cation): amplified eleCtrical conductange of
a solution that has had all cations and amines prdsent
replaced by hydrogen (H") ion§ by being passed thrqugh
a highly regenerated columit of hydrogen form stfong
cation exchange resin.

conductivity (degassedycation): cation conductance |of a
solution that haScalso been degasified to remove|any
contribution efcarbon dioxide to the electrical conquct-
ance of thesolution.

conductiwjty) (specific): electrical conductance of a solytion
is a_géneral property and is not specific for any parficu-
larion. In determining the quality of the effluent from
certain ion exchange processes, it is an excellent method
of assessing total salt content. The value is reportdd in
uS/cm? (umho/cm?).

copper: may be soluble or a particulate oxide.

countercurrent flow: direction of flow of the regenerant is
the reverse of the direction of flow of the service flow.

crossflow filtration: membrane processes use flow of the
liquid across (tangential to) the membrane surface.

crud: particulate metallic oxides present in conderjsate
that are filtered out in condensate polishers and gow-
dered resin filtration systems.

dead end: term applied to cartridge and membrane filtra-
tion to signify flow path perpendicular to the surfage of
the filtration medium.

dealkalizer: application of acid regenerated cation or ¢hlo-
ride regenerated anion ion exchange resins in equiptpent
designed to reduce alkalinity in waters.

compresstd—regemeration—schedtrte—seqtrerrce—destghed—to
reduce total regeneration time by injecting dilute regen-
erant chemicals simultaneously into two or more dis-
similar units.

concentrate (brine, reject): waste liquid containing all
the solids and material unable to pass through the
membrane.

condensate demineralizer: ion exchange units applied to
the removal of contaminants from steam condensates.
Mixed-bed units are utilized for this application at much

dealkalizer (split stream): a system of dealkalization that
blends acidic and alkaline waters to achieve a desired
effluent alkalinity.

decarbonator (forced-draft): process equipment in water
treatment installations used to reduce or remove free
carbon dioxide from the water passed through it by con-
tact between water and a stripping gas, usually air.

degasifier (vacuum): process equipment in demineralizer
installations used to reduce or remove the free carbon
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dioxide and air content from the water passed through
it by subjecting the water to a vacuum.

demineralization: the removal of all dissolved ions from
water.

distributor (inlet): mechanical system in conventional
ion exchange units, generally located at the top of an
exchanger, through which the influent enters the vessel for
processing. When located at the top of a Vessel it may also

to waste. In addition, it serves to prevent d1sturbance of
the fop of the resin bed due to impingement by introduc-
ing the influent evenly over the surface of the resin bed.

distributor (interface, mid-collector, or buried collector): used
prinmarily in mixed-bed demineralizers. As implied,
located at the interface between the beds of cation and
aniop resins that is formed after the backwash separates
and [classifies the two resins; collects the spent alkali and
acid|that has passed through the cation and anion resin
layefs; can be also used for distributing acid if it is to
be Hassed downward through the cation resin bed and
usudlly consists of a header and laterals, equipped with
scre¢ns or strainers to retain resin, similar in design to the
regeherant distributor. This type of distributor may also
be uped in other types of ion exchange equipment, such as
stratified-bed units.

distrybutor (outlet or underdrain): mechanical system gen-
erally located at the bottom of an exchanger through
whigh the processed liquid (effluent) is collected from
the fesin bed on a uniform basis with respect to~the
entife cross section of the exchanger. When located at
the lpottom of a vessel, it may also serve as thedistribu-
tor fpr resin backwash water and resin mixing air.

distrfbutor (regenerant): mechanical system through
whigh the regenerant solution is introduced uniformly
to tHe entire cross section of the exchanger for the maxi-
murh utilization of the regenerant'solutions.

distrybutor (subsurface): mechanical system commonly
used in cation condensdte polishers, under the surface
of a|bed of resin oremedia, through which backwash
solufion is introduged uniformly to the entire cross sec-
tion|of the exchanger to loosen and remove particulates
fron} the uppen portion of the resin and to reduce bed
diffdrential préssure.

efficipney~effectiveness of the operational performance of
ani . - . S
expressed as the quantity of regenerant required to affect
the removal of a specified unit weight of adsorbed mate-
rial (e.g., pounds of acid per kilograin of salt removed).

effluent: liquid, solid, or gaseous product discharged or
emerging from a process; in this Code, treated water dis-
charged from an ion exchange system.

electrodeionization (EDI): membrane process that com-
bines electrodialysis (ED) with self-regenerating ion
exchange resins installed between the membranes.

electrodialysis (ED): membrane process that discrimi-
nates between particles on the basis of their electrical
charge by preventing the substance to be concentrated
from passing through the membrane.

electrodialysis reversal (EDR): modification of ED in which
the electrical field is periodically reversed to reduce
material buildup.

electrodialysis stack: device that holds an array of mem-
that the

solut1ons being processed are separated

endpoint: point of the service run of an ion exchgnge unit
where salt, acid, or base leakage is sufficiently high to
render the processed water unsuitable for a speific use.
Determination of this value may he'by conductivify, pH, or
other measurements, and action'required will gerjerally be
to remove the unit or system ffom service at this point.

equivalents per liter (eq/L)s concentration of ion| equiva-
lents that can be reméwved per liter of solution. An equiv-
alent is the moleculat-weight in grams of the compound
divided by its electrical charge or valence. F¢r exam-
ple, a resin with an exchange capacity of 1 eqfL could
remove 37:5 ) of divalent zinc (Zn*?, moleculafr weight
of 65) from solution. Since 1 eq/Lis equal to 21.§ kgr/{t3,
equivalents per liter can be converted to kilogfains per
cubic foot by multiplying by 21.8.

exchanger: pressure vessel containing ion exchangd material
through which liquid to be processed is passed.|In some
process applications, the exchanger may contain fmixtures
of cation and anion resins, or even mixtures of |different
cation or anion resins, such as stratified-bed unitg

exhaustion: state in which the resin is no longe capable
of useful ion exchange; the depletion of the exchanger’s
supply of available ions. The exhaustion point|is deter-
mined arbitrarily in terms of

(a) value in parts per million of ions in the| effluent
solution

(b) the reduction in quality of the effluept water
determined by a conductivity bridge that meagures the
electrical resistance of the water, or any other|suitable
criteria such as leakage of radionuclides.

external regeneration: procedure in which the ion gxchange
resin is sluiced or transferred (hydraulically, ppeumati-
cally, or by gravity) after exhaustion into anothpr vessel
wherein regeneration occurs.

er — noniprecoat; Mmechanical device primarily used for
removal of particulate oxides from condensate or other
liquids as pretreatment ahead of many types of high
purity water treatment processes. The device may con-
tain permanent elements or media that is mechanically
or hydraulically cleaned every service cycle or dispos-
able media that is replaced every service cycle.

filter — precoat: mechanical device primarily used for
removal of particulate oxides from condensate. The
device may contain tubular elements that are precoated
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with materials that can include various fibers, activated
carbon, powdered ion exchange resins, or mixtures of
those materials. The precoat material is replaced every
service cycle.

flux: measure of the rate at which the permeate passes
through the membrane per unit area of membrane, for
example, gal/ft?/day (gfd).

freeboard: in certain ion exchange units and granular
media filters, the space provided between th i

yal acidity (FMA): amount of acidity present in
en leakage is subtracted from TMA; FMA =

hardness:Jscale-forming and lather-inhibiting qualities pos-
sessed by water, high in calcium and magnesium ions.

hardness) permanent: caused by the presence of calcium
sulfate, nagnesium sulfate, and the chlorides of these
two metgls that cannot be removed by boiling.

hardness,|temporary: caused by the presence of magnesium
or calciun bicarbonate; referred to as temporary because
the hardness may be removed by boiling the water to
convert fhe bicarbonates to the insoluble carbonates.

hardnesstotal: numeric sum of the hardness ions calcium
and magnesium, both expressed as calcium carbonate
(CaCO,)} that is used to determine work loading in sim-
ple ion exchange softening.

hardness | total acidified: numeric sum of the hardnessions
calcium pnd magnesium, both expressed as calcium car-
bonate ({CaCQO,), in a sample that has been-acidified to
dissolvefunreacted lime carryover in theseffluent of lime
softening processes.

hardness |as calcium carbonate: expression ascribed to the
value olptained when the hardness-forming salts are
calculatdd in terms of equivaleént quantities of calcium
carbonafe, a convenient method of reducing all salts to a
commor] basis for comparison.

hollow filker modules:-mvémbrane material spun into hol-
low, haigtlike fibers,200 um diameter or less.

hybrid systenis\(EDI, EDR): may combine elements of
both ion| exehange and membrane technologies, which

treated water introduced for processing into an ion
exchange system.

inside out: term used in cartridge and membrane filtra-
tion to describe flow path of liquid from internal pas-
sage to the outside.

in situ: see regeneration (in place, in situ)

ion exchange: reversible process by which ions are inter-
changed between a solid and a liquid with no substan-

ion exchange capacity (operating): portion of the jtota) ion
exchange capacity of an ion exchange resin_bed [that
can be achieved in a practical ion exghange opera-
tion. Commonly expressed in kilograifnsyper cubic|foot
(kgr/ft%) or equivalents per liter (eq/L).

ion exchange capacity (volume): also referred to as fotal
exchange capacity (TEC) or wétvolume capacity, it ip the
theoretical number of exchangeable ions per unit|vol-
ume or weight of resin. Th® TEC can only be attained by
a total and completegegeneration that is not emplgyed
in practice due to the prohibitive regenerant costs|that
would be requjréd. TEC is typically expressed in t¢rms
of kilograins~gapacity per cubic foot (kgr/f{t®) of fesin
material.

ion exchange capacity (weight basis): also referred to as
dry, vélume capacity, the number of milliequivalenfs of
exchangeable ions per dry gram of ion exchange npate-
ridl in its standard form.

ion exchange material: insoluble solid that has the pbil-
ity to exchange reversibly certain ions in its structufe or
attached to its surface as functional groups with ioms in
a surrounding medium.

ion exchange resin: synthetic organic ion exchange njate-
rial, usually in spherical form. (See also anion exclange
and cation exchange materials.)

ion exchange resin — powdered: finely divided partficles
of crushed ion exchange resin beads used as a digpos-
able precoat filter material in condensate purificdtion
systems.

ion exchange systems: typically consist of all equipnpent,
including service vessels, ion exchange resins, all piping,
pumps, valves, controls, and instrumentation and jmay
be designed for

(a) in-place resin regeneration that is performed in
the service vessel

will typically consist of all equipment, Including service
vessels, media, all piping, pumps, valves, controls, and
instrumentation.

hydrogen cycle: operation of a cation exchange cycle
wherein the removal of specified cations from the influent
water is accomplished by exchange with an equivalent
amount of hydrogen ion from the exchange material.

influent: liquid, solid, or gaseous material being intro-
duced into a process; in this Code, untreated or partially

(b) external regeneration that is accomplished in spe-
cifically designed regeneration vessels that are part of
the particular ion exchange system.

(c) external regeneration that is accomplished in spe-
cifically designed regeneration vessels off site.

(d) nonregenerable. These resins are normally dis-
posed of after their service capacity has been utilized.

ion exchange unit (conventional): unit in which back-
wash freeboard is included above the resin bed and
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that is backwashed before every regeneration or very
frequently.

ion exchange unit (packed bed): unit, which is essentially
completely full of resin along with an inert resin layer,
and that is regenerated in a countercurrent fashion. The
system may or may not be designed to include in situ
backwash and may or may not require infrequent, exter-
nal backwash.

ains per cubic foot (kgr/ft3): concentration of ions that
can pe removed by a cubic foot of ion exchange resin.
Kilograins per cubic foot can be converted to equiva-
lentg per liter by dividing by 21.8.

leakdge: amount of influent ion or contaminant present
in the processed, effluent water. Generally, a function
of r¢generant level of the ion exchange resin material,
and|also a function of the flow dynamics within the
exchanger. May be expressed as a percentage of inlet
condentration, or in dimensionless part-per-million
(pp1n) or part-per-billion (ppb) ion or salt terms.

memprane systems: typically consist of all equipment,
inclfiding service vessels, membranes, all piping, pumps,
valvjes, controls, and instrumentation.

menbranes: thin barriers or films of material that allow
certgin substances to pass through.

micrpfiltration: process that discriminates between parti-
cles on the basis of size using a membrane with a ustial
pord size of 0.45 um.

micrpn: measurement of size equivalent to 1 um.

millipore filter test: widely accepted visual indication, estab-
lishdd by a special filtration test, used to determine concen-
tratipn and nature of suspended metdl, oxides. Typically
used on condensate samples. See Mandatory Appendix II.

mixdd-bed unit: use of intimately.nixed hydrogen form
catign resins and hydroxideform anion resins in a sin-
gle jon exchange vessel;this'type of equipment usually
proyides the highest glidlity treated water.

mixdd resin unit (Special ionic form): use of intimately
mix¢d cation and.anion exchange resins in forms other
thar] hydrogéntand hydroxide. Such units are used in
somp applications for treatment of contaminated steam
condlensate. Other applications find use in treatment of
nucleay primary coolant and nuclear waste management

molecules, in the range of 0.0001 ym in diameter and
smaller, nanofiltration (NF) removes molecules in the
0.001 ym range. NF is a polypiperazine amide membrane
and is essentially a lower-pressure version of reverse
osmosis where the purity of product water is not as criti-
cal as pharmaceutical grade water, for example, or the
level of dissolved solids to be removed is less than what
is typically encountered in brackish water or seawater.
As such, nanofiltration is especially suited to treatment

e
membranes are often referred to as softening megmbranes
because of their ability to remove divalefit\iong such as
calcium and magnesium but allow a large perc¢ntage of
monovalent ions such as sodium togass througl.

off site regeneration processes: ion é€xghange unit regenera-
tion performed off site to transfer regeneratign waste
disposal to a suitable facility."This is most easily accom-
plished by transfer of both’the containment vgssel and
resin to the offsite facility but may also involv transfer
of resin only.

operating capqcifyjy true measure of a resin’s gbility to
remove a given number of ions from solutipn. It is
defined @s“the number of exchangeable ions gvailable
under’a given set of conditions. These condifions are
variable from one case to the next, and consisf of such
parameters as influent composition, effluent|require-
ments, flow rate, concentration of regenerant ysed (i.e.,
degree of regeneration), temperature, exhaustion and
rinse end points, resin selectivity, and particle gize. The
operating capacity is commonly expressed ih ratios,
in which the numerator is the weight of ions femoved
and the denominator is the volume of the bed [i.e.,
pounds per cubic foot (Ib/ft%), kilograins per cpibic foot
(kgr/ft%), or equivalents per liter (eq/L)].

operating cycle: ion exchange process consisting of a
regeneration phase and a service run.

organic trap: application of selected ion exchgnge res-
ins to remove large organic molecules from ater to
be treated. This selection can be made in lieu of gravity
separation and flocculation equipment, such as|conven-
tional clarifiers, to remove organics.

osmosis: spontaneous transport (diffusion) off solvent
across a semipermeable membrane that separptes two
solutions of different concentration.

osmotic pressure: pressure that must be applied tp a more

flows, performing soluble radionuclide removal as well
as filtering capability for particulate removal.

multibed systems: combination of cation and anion
exchangers, usually in series flow and sometimes in
combination with mixed-bed exchangers, for treating
and processing water and/or dilute aqueous solutions.

nanofiltration: membrane liquid separation technology
that is positioned between reverse osmosis and ultra-
filtration. While RO can remove the smallest of solute

concentrated solution to halt tlow through a semiper-
meable membrane from the less concentrated solution
into the more concentrated solution.

outside in: term used in cartridge and membrane filtra-
tion to describe flow path of liquid from external pas-
sage to the inside.

packed bed ion exchange: see ion exchange unit (packed bed).

particulate matter: nonliquid matter, exclusive of gases,
that is heterogeneously dispersed in water.
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pass(es): description of the system configuration in which
the permeate from one module is the feedwater to a sub-
sequent pass operating in series when permeate from
the system is taken to service from the final pass only.

permeate: purified liquid exiting the system.

pH: expression of the acidity of a solution; the negative
logarithm of the hydrogen ion concentration (pH 1, very
acidic; pH 14, very basic; pH 7, neutral).

backwash may be infrequent or employ special proce-
dures and/or special external vessels.

rejection: measure (%) of the fraction of salts that does not
pass through the membrane.

resin fouling: phenomenon in which weak organic acids
are absorbed by strong base anion resins and are not fully
removed during regeneration; instead accumulate in,
block the exchange sites, thus diminishing the capacity
of the resins. In addition, the effluent quality deteriorates

pressure 1ijfcmniiul. tiffererce betweerr the et armdout=
let pressfires, measured across the media.

pressure pessel (media): device operating at greater than
atmospHeric pressure containing one or more types of
media cpmmonly used for filtration, ion exchange, or
other prcesses.

pressure pessel (module): device containing one or more
membrahe elements.

recovery:[measure (%) of how much of the feed stream is
recoveref as permeate.

recycle: §he portion of the concentrate stream that is
reclaime by injection into, and blending with, the feed-
water to|the system.

regenerant: solution used to restore the activity of an
ion exchlanger. Acids are employed to restore a cation
exchanger to its hydrogen form; brine solutions may
be used [to convert the cation exchanger to the sodium
form. The anion exchanger may be rejuvenated by treat-
ment with an alkaline solution.

regeneratfon: replacement of contaminating ions on ‘the
resin ex¢hange sites, removed from the influent Water,
with degirable ions present in the regenerationchemi-
cal, therpby restoring the resin to acceptable-working
conditiof.

regeneratfon (in place, in situ): procedure in which the
regenerant solutions are brought to‘the exhausted resin
in the sefvice vessels, and regenération is conducted.

regeneratfon efficiency: regenetration efficiency, a measure
of regengrant utilization,ds\commonly expressed either
as pounlds of regenefaftt per kilograin of exchange
capacitylas CaCO,/ft%.or as a percentage of what would
be the stpichiometric quantity (one equivalent of regen-
erant pef equivalent of ions exchanged).

regeneratfonlevel/dosage: weight of regenerant used per
unit quakd : g terl e a
eration. It is usually expressed in terms of pounds of
regenerant (as 100%) per cubic foot of fully hydrated
ion-exchange material, in a specific ionic form, meas-
ured after backwash and draining.

regeneration phase: cycle consisting of minimum of four
steps: resin separation (backwashing) to clean the bed,
introduction of the regenerant, slow rinse or displace-
ment to push the regenerant slowly through the bed,
and finally fast rinse to remove all traces of regenerant
from the resin. In packed bed ion exchange systems,

resulting in leakage of the organic acids, greater leakage
of total dissolved solids, equivalent higher conductjvity
and lower pH values. Larger rinse volumes requfring
more time may also be incurred during the regenergtion
phase. Fouling of ion exchange resins mayalso be capised
by impure grade of regenerants, high-levels of influent
turbidity during the service run,{precipitation of slightly
soluble salts, iron or manganese and bacteria, iron i the
water being processed (also:diiring the service run).

resin separation (backwash):-separation of the anion fesin
from the cation resin‘in mixed bed or layered bed {mnits
by backwashing. Separation due to the difference in|spe-
cific gravities of\the anion resin and cation resin, jnor-
mally the arfion‘resin being lighter will float to thq top
of the cation.resin.

resin trap: strainer used to prevent discharge of r¢sins
frontexchanger vessels into the vessels” effluent if the
qutlét distributor fails.

tesistivity: the electrical resistance of a solution is a [gen-
eral property, and is not specific for any particular ign. A
measurement of resistivity can determine the quality of
the effluent from certain ion exchange processes and is
an excellent method of assessing total salt content.|The
value is reported in MQ/cm?

reverse osmosis: essentially the same process as osnjosis
except that pressure is applied to the more concentrated
solution to force solvent flow through the semfper-
meable membrane into the less concentrated solutign.

rinse: part of the regeneration phase of an ion exchange proc-
ess in which water is passed through the bed of ion exchhnge
material to remove the residual regenerant solution.

rinse requirement: measure of the volume of water fised
during regeneration before a resin can be put into gerv-
ice. Rinse requirements may be influenced by impure
grade of regenerants, hydraulic channeling, contanjina-

salt passage: measure (%) of the dissolved salts passing
through the membrane.

semipermeable membrane: membrane that allows some
substances to pass through.

sequential regeneration schedule: units of dissimilar types
in a system are regenerated together, but one unit is fully
regenerated before the other unit starts regeneration.

service run: part of the operating cycle of an ion exchange
process in which the influent is passed through a bed of
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the ion exchange material to exchange specific ions from
the water for an equivalent amount of specific ions from
the ion exchange material.

silt density index: widely accepted numerical indication,
established by a special filtration test, used to predict
colloidal particle fouling of membranes.

sodium cycle: operation of a cation exchange cycle
wherein the removal of specified cations from the influ-
ent water is accomplished by exchange with an equiva-

functional resin is further diluted before injection into
the upstream unit.

total organic carbon (TOC): the amount of carbon bound
in an organic compound often used as a nonspecific
indicator of water quality, expressed as milligrams per
liter (mg/L).

train interconnection: ion exchange unit interconnection
method where all units of dissimilar type or function are
interconnected, operated, and regenerated as a discrete set.

lentfamount of sodium ion from the exchange material.

softeper: ion exchange equipment containing cation
exclange resin used for the removal of hardness ions
(caldium and magnesium), exchanging them for sodium
ions
spirdl wound modules: two layers of semipermeable mem-
brarje separated by a porous, woven fabric support and
fornjed into an envelope that is then wound around a
centfal perforated tube.

stagd(s): description of the system configuration in which
the goncentrate from one module is the feedwater to a
subdequent stage when the permeate from each is com-
bined as a single stream.

stardation process: process used with weak acid cation
resi) regeneration to minimize production of free min-
eral facidity in the treated effluent. This is accomplished
by the use of virtually stoichiometric regeneration dos-
aged adjusted only for the alkalinity concentration in the
acid|dilution water.

stoicfriometric: see regeneration efficiency.

straipier plate: internal device, installed at the top or
bottpm of an ion exchange unit, or as a(diyiding plate
between two compartments, equipped with special
strainers and that acts as a distributex*and/or collector
of sqrvice liquid and regenerant sélutions in packed bed
ion ¢xchange units.

straffffied (layered) bed unit: application of layers of weak-
acid| and strong-acid cation exchange resins, or weak-
basq and strong-base\anion exchange resins in ion
exclange vessels,.This application is typically made to
impfove treatmentsefficiency.

susppnded sglids: matter such as clay, silt, finely divided
orgdnic miatter, plankton, and other microscopic organ-
ismq that-give rise to turbidity.

tubular element: membrane is inserted into,“or coated
onto, the inside surface of a porous tube that'mpy range
in size from 30 mm to 250 mm (%} in. to Lin.) djameter.

turbidity: an expression of the opticdl’properties pf a sam-
ple that causes light rays to be scattered and gbsorbed
rather than transmitted in_straight lines thrqugh the
sample. This is generally dite to the presenc¢ of sus-
pended matter.

ultrafiltration: process_like microfiltration, which dis-
criminates between(particles on the basis of size using
a membrane, with a pore size range of 0.0015 yum to
0.2 pm.

ultra pufe/water: water with a specific conductance less
than 1:0\uS/cm? or greater than 10 MQ/cm?.

unitssof measurement: units used to express cqncentra-
tions, based on number, volume, or weight.

equivalents per liter (eq/L): concentratiorf of ion
equivalents that can be removed per liter of solgtion. An
equivalent is the molecular weight in grams of the com-
pound divided by its electrical charge or valgnce. For
example, a resin with an exchange capacity of 1 eq/L
could remove 37.5 g of divalent zinc (Zn*?), njolecular
weight of 65, from solution. Since 1 eq/L is equgl to 21.8
kgr/ft, equivalents per liter can be converted to kilo-
grains per cubic foot by multiplying by 21.8.

kilograins per cubic foot (kgr/ft?): the weigh{ of ions,
expressed as calcium carbonate (CaCO,) eqiiivalents
that can be removed by a cubic foot of ion gxchange
resin. Kilograins per cubic foot can be convlerted to
equivalents per liter by dividing by 21.8 or td pounds
of calcium carbonate (CaCO,) equivalents by dividing
by 7.0.

milligrams per liter (mg/L): number of thousgndths of
a gram of a substance in one liter of water. Td convert

from moles to milligrams, multiply the number|of moles
1

theorefical jree nuneral acidity (1 MA): free mineral acid-
ity that would result from the conversion of all of the
anions of strong acids in solution to their respective free
acids.

thin film composite: membrane consisting of a thin semi-
permeable skin on a thicker porous backing.

thoroughfare regeneration: regeneration of a weakly func-
tional resin using waste dilute regenerant chemical from
a strongly functional resin in a downstream position.
In some cases the waste regenerant from the strongly

by-the-atomic-or-motecttar-wetght-of thesubstince and
multiply by one thousand.

moles per liter: number of particles of a substance,
expressed in moles, in one liter of water. One mole is
6.02 X 10% particles. Moles per liter (molarity) is abbre-
viated M. Thus, 1077 M H" equals 6.02 X 10'® hydrogen
ions per liter.

parts per million (ppm): parts by weight of an ion or
species in a given weight of solution. Thus, 0.025 g of
calcium ion in one liter of water is 25 ppm, or 25 parts by
weight in 1,000,000 parts by weight of solution.
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parts per billion (ppb): parts by weight of an ion or
species in a given weight of solution. Thus, 0.000025 g of
calcium ion in one liter of water is 25 ppb, or 25 parts by
weight in 1,000,000,000 parts by weight of solution.

parts per trillion (ppt): parts by weight of an ion or
species in a given weight of solution. Thus, 0.000000025 g
of calcium ion in one liter of water is 25 ppt, or 25 parts
by weight in 1,000,000,000,000 parts by weight of
solution.

percg—{wotietooth a <
volume [contributed by the dissolved species that has
been addled to the solution. Thus, 40% (v/v) methanol
is 40 mL|of methanol in enough water to bring the solu-
tion to 100 mL.

percgnt (weight/weight): percent of total solution
weight dontributed by the dissolved species. Thus, 10%
KNGO, (w/w)is 10 g of KNO, in 90 g of water. If not oth-
erwise specified, percent implies percent by weight.

valence: dll ions carry a charge that may be positive or neg-
ative. The amount and direction of the charge is the val-
ance of the ion. A positively charged ion is a cation while a
negative]y charged ion is an anion. For example, calcium
is a divdlent cation bearing two positive charges while
sodium is monovalent bearing one positive charge.

zeolite: gfoup of complex hydrated aluminum silicates,
either naturally occurring or synthetically manufactured
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Section 3
Guiding Principles

3-1 ADVANCF PIANNING FOR TEST

(1) the choice of instruments and the probable limits

3-1.1

The phrties to any test under this Code shall reach
agreemept as to the location of instrument connections,
position jof valves, and arrangement of piping. When the
interestsfof more than one party are involved, the parties
to the tegt shall come to an agreement in writing and in
advance|of the test.

3-1.2

n which agreement shall be reached are as follows:
is of guarantee conditions, test objective(s),

usually exceeds that normally provided for
. The utilizatiofivof this Test Code should be

and equipment design.

(h) cohditionsto be held constant during test and the
permissible deviations there from. Methods of extrapo-
lating tekt data and results to the design conditions, if

of accuracy of the test results considering test procedures
and probable accuracy of instruments selected, as given
in the Supplements on Instruments and Appatatus,

(m) procedures for inspecting the high~purity water
treatment equipment to be sure overall-system degign,
type and amount of media are as ‘previously agteed.
See Mandatory Appendix II{on" membranes |and
Nonmandatory Appendix C én resins.

3-2 GENERAL DESCRIPFION OF TEST
REQUIREMENTS

(a) Before coriducting a test, all parties should have
the right to_examine the equipment to ensure that it
is in the condition agreed upon, to run a brief |pre-
liminary-test to give assurance that the equipmept is
capable of reliable and continuous operation, and to
beswsatisfied that it is in condition to undergo perf
ance testing.

(b) If the equipment is to be tested in the
found” condition, the following should be record
applicable:

(1) the length of time the equipment has beg¢n in
service

(2) the number of operational cycles the equip-
ment has completed in the case of ion exchange syst¢ms

(3) the total volume of effluent produced gince
placed in service

(4) any unusual conditions that occurred pri
the test

(5) any reported system malfunctions or profuc-
tion of off specification water

(c) All control devices and measuring instrumnjents
should be calibrated and should be checked for prpper
installation and operation as indicated in Section 4.

rm-

“

as
bd if

D1 to

3-3 PRELIMINARY TESTS

deviations greater than those previously agreed upon
occur.

(i) whether influent water chemistry and character-
istics are comparable to the design conditions, if not,
adjust operating parameters.

(j) whether influent is to be treated, and if so, the
treatment methods to be used.

(k) analytical methods and limits of reporting accu-
racy for influent and effluent composition. Refer to
Section 4, Instruments and Methods of Measurement.
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A preliminary test of at least one complete cycle, or
predetermined time frame (e.g., RO or UF cycle could
be 7-day to 30-day cycle between cleaning) after estab-
lishment of steady state conditions should be carried
out to determine whether the equipment is operating
satisfactorily and whether test procedures given herein,
or agreed upon, are feasible. During this test it should
be ascertained that the equipment, controls, sample
points, and instrumentation are functioning to ensure
the recording of valid test data. Data obtained from this
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preliminary test should be used to determine if cali-
bration procedures are acceptable. When preliminary
inspection and test indicate that the limiting conditions
for which the equipment was designed cannot be met,
the parties to the test shall agree upon alternate condi-
tions before the official test. The probable effect of these
alternate conditions upon the performance of the appa-
ratus shall also be agreed upon before the test unless it is
agreed that one of the objects of the test will be to deter-

Code to indicate those test procedures that are generally
required to establish system performance.

Differential pressure, flow, temperature measure-
ments, and resin volumes are primarily used for
the determination of hydraulic characteristics of ion
exchange systems. They may be utilized to determine
overall system characteristics, or may be used to meas-
ure the performance of various subcomponents of the
ion exchange system (e.g., individual differential pres-

ming-this-effeet: stire-drop-aeross-a—single—tani—ina-muki-taniqsystem).
Similarly, flow measurements may be applied fto deter-
FREQUENCY OF OBSERVATIONS mine backwash and rinse properties of ifidividual sub-

3-4

Tgst measurements necessary to obtain the data pre-
vioysly agreed upon shall be taken at sufficient inter-
vals|during the test periods to describe the performance
of epch step of the cycle. Frequency of readings shall
be dgreed upon in advance. Raw water quality and
the Influent composition to the equipment to be tested
shoyld be monitored during the testing. If any of these
compositions are other than what was agreed upon ear-
lier, jas a result of a change of influent water quality or
malfunctioning of mechanical equipment, corrective
meapures should be taken.

3-5| DURATION OF TEST RUNS

The tests shall be of duration necessary to determine
perfprmance and to average out normal variations.

3-5.

Itfis recommended that the test consist of at i¢ast three
exhdustion and regeneration cycles to allow~the resin to
reach operating equilibrium condition.

L lon Exchange Equipment

3-5.

It]is recommended that the test consist of both high
and|low flows, where the seryice cycle is normally of
a very long duration. The parties involved shall agree
on the number of tesh.Cycles sufficient to establish
perfprmance.

P Condensate Polishing

3-5.B Reverse:Osmosis, Submicron and Ultrafiltration

Equipment

It|is recommended that the test consist of a 24-hr to
48-hir aycle.

components. Flow and time or volume|/measyrements
may also be used to verify chemical ‘properti¢s of ion
exchange systems. Certain hydraulic propertfes, such
as flow distribution within the‘ior exchange vepsels, are
not included in this part of thie Test Code. Cherpical test
methods as outlined in pafa. 3-6.2 are more sensitive in
the determination of such hydraulic characterigtics than
basic flow and differential pressure measurements.

3-6.1.1 Differential Pressure. The meagurement
of differential pressure (pressure drop) acrosq the ion
exchangesystem, or subcomponents thereof, is pormally
acconiplished by the use of line-mounted pressure gages,
dual\gages, or transmitters of various mechanicpl, pneu-
matic, or electronic designs, as described in Sectjon 4.

Therate of particulate fouling of ion exchange rpsin beds
as well as degradation, such as oxidation of resirs, can be
determined by the use of differential pressure fneasure-
ments. Mechanical restrictions of flow would also be a
source of an increased pressure differential. Effeftiveness
of resin bed backwash operations can also be defermined
by measuring pressure drop across the resin bed both
before and after the backwash cycle provided sufficient
time is allowed for bed compaction to occur.

3-6.1.2 Flow. Evaluation of various flow|streams
can be accomplished by the use of suitable meagurement
devices as outlined in Section 4. Flow rate and volume
measurement may be applied to determine bgckwash,
regeneration, rinse, and service parametery of ion
exchange subcomponents. Backwash properties shall
be observed to determine backwash effectivengss in the
time prescribed. Backwash effluent shall be sampled
periodically during the backwash cycle and ¢bserved
for clarity and the presence of resin.

3-6 GENERAL DESCRIPTION OF TEST
PROCEDURES

3-6.1 lon Exchange Testing

Ion exchange systems, as described in the introduc-
tory statements, require certain measurements during
a performance/acceptance test. Although it is not pos-
sible to detail all measurements desired on specific ion
exchange systems, it is the intent of this part of the Test

13

NOTE: Packed bed ion exchange units are not backwashed in situ
so this part of the evaluation is not applicable. Suitable types of
flowmeters can also be used to measure the total volume of water
treated. The capability to measure ion exchange process flow rates
and volume will establish, when coupled with suitable chemical
analyses, overall ion exchange system performance.

3-6.1.3 Temperature. Section 4 refers to temperature
measurement methods suitable for use in ion exchange
equipment. Temperature measurements are important
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Table 3-6.1.4-1 Resin Volume Change Chemical
Form-to-Form

Resin Type

Resin Volume Increase
Form-to-Form

SAC - gel — 8% crosslink
SAC - gel—10% crosslink

SAC — macroporous

Na—>H=+5%
Na—H=+5%
Na—>H=+4%

WAC - acrylic

SBA type | DVB gel

SBA type | - porous DVB gel
SBA type || DVB gel

SBA type | acrylic

SBA type | macroporous
SBA type Il macroporous
WBA DVB macroporous

IBA epoxy amine

H—Ca=+15%

Cl—> OH = +15%

Cl— OH = +20%

Cl—> OH = +10%

Cl—> OH = +15%

Cl—> OH = +15%

Cl— OH = +10%

Free amine — HCl = +20%

Free amine — HCl = +20%

=~ 50% of that indicated in the table.

during the determination of proper backwash flow
rates on fon exchange tanks so that optimum backwash-
ing takep place. Additionally, regenerant solution arid
water sgmple temperatures must be measured during
the detefmination of process efficiency, since abnermal
regenergnt temperatures will result in resin.capacity
deviatiofis. Variations in sample temperatures will also
influenc¢ conductivity, pH, and vagious colorimetric
analyses| Samples should be tempgratare conditioned
or, alterrfately, temperature compensation utilized.

3-6.1.fi Resin Volume in‘a Nonpacked Bed System.
Ion exchlange resin beadstswell and shrink when pass-
ing fron} the regenerated form to the exhausted form.
The degfee and direction of physical change varies by
resin fuctionality, ‘chemical structure, physical struc-
ture, bead size;-and size distribution.

Resin fcolumn measurements are made to determine

GENERAL NOTE: This table may not include some types of resin, In-addition,
the expansion quoted usually occurs only when all active siteShave been con-
verted to one form or the other. In normal operation the’ gxpansion may be

any method, due consideration must be given to [ves-
sel head volume and internal distributor displacethent
volume.

(a) Backwash unit so that resin bed is expanddd at
least 50%, for a 10-min period.

With the vessel at atmospheric pressure at a flow|rate
not to exceed 1 gpm/ ft2, drain the water level in thefunit
down to where it is 6 in. above the resin. Measurerpent
of the resin bed depth should be made, being cafeful
not to jar the vessel or disturb the resin bed. WitH the
measurement of resin bed depth, knowing the irfside
diameter of the unit, the resin volume can be cglcu-
lated. Conversely, freeboard volume may be calculpted
and this value subtracted from the entire tank volyme,
which will then give the gross resin volume. Subtradtion
of distributor displacement volume (available from} the
equipment manufacturer) then completes the caldula-
tion to produce net resin volume.

if the ionLeXxchange unit contains the proper guantity of
resin. The chemical form of the resin at the time meas-
urement is made is very important and the resin manu-
facturer’s data sheet should be consulted on this point.
For an example, see Table 3-6.1.4-1. Also, resins will
undergo a certain amount of irreversible expansion dur-
ing the first operational cycle; therefore, it is desirable to
place the unit through one operational cycle before the
resin volume measurement is made.

The following method for resin volume measurement
is one of many that can be utilized for this purpose; in

3-6.1.5 Resin Volume in a Packed Bed System. Every
packed bed unit must be designed with a specific maxi-
mum allowable freeboard if the unit is to meet the treated
water purity requirement. To do so, the changes in resin
size and volume must be dependably predicted and the
design freeboard maintained in the unit at all times.

Each packed bed design has specific requirements for
the installation and maintenance of the required resin
volume and it is not possible to provide details of all the
various designs in this document.
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Therefore, specific procedures for confirming resin
bed height and volume must be provided by individual
equipment manufacturers.

Should a unit or system fail to meet specified purity
either at startup or in subsequent operation, resin vol-
ume and degree of actual swelling/shrinking should be
determined.

3-6.2 Regenerant Quality and Purity

3-7.3 Element Autopsy as a Destructive Test

This requires the element to be cut lengthwise to allow
the membrane to be unrolled. Two cuts must be made,
on opposite sides, just deep enough to penetrate the ele-
ment casing. The element is unrolled carefully so as to
not damage the membrane surface. The surface is fully
examined and sprayed with cleaning chemicals to check
for reaction.

Tlhe quality and purity of regenerants used in ion
exclange operations are critical to both the system’s
efflyent quality as well as the operating life of the resin.
Marly different regenerants can be used depending on
the gdpplication. As a rule, the purer the water the system
is epected to produce, the purer the regenerants need
to b¢ to produce the expected water quality. Mandatory
Appendix I lists the more common regenerants used in
ion ¢xchange operations and the maximum contaminant
levels in the regenerant required for high-purity water
production. Low-purity regenerant chemicals will also
redyce the operating life of the resin by causing prema-
ture[fouling and/or chemical degradation of the resin.
Whenever dealing with high-purity regenerant chem-
icalg it is always a good operating procedure to demand
a Certificate of Analysis (COA) from the supplier for the
spedific batch or lot number that is being received.

3-6.3 Common Impurities That May Require
Measurement During lon Exchange System
Performance Testing

Sde Table 3-6.3-1.

3-6.4 Chemical Measurements During Ign Exchange
System Performance Testing

Sde Table 3-6.4-1.

3-7| MEMBRANES TESTING

3-7.1 Physical Inspection of Element

Examples would be cracked

w, ass oToTatIon;

3-7.2 Performance Testing

This testinvolves the determination of element operat-
ing performance, with a comparison to typical properties
and original production test data (when available, not
applicable to dry product). This is also a nondestructive
test, used to determine how the element is performing at
standard test conditions.

3-7.4 Oxidative Testing: Dye Test/Fujiwara,Tgst

Two tests can be performed to determine if the mem-
brane has been oxidized. A quick test is to drop a small
quantity of a dye solution on the-nembrane|surface.
The dye will adhere readily to-support matdrial that
has been exposed, due to ddntage in the mpmbrane
barrier layer. These damdged areas will appear as
bright pink spots. The dyé will not adhere to|undam-
aged membrane. Another form of oxidative testing is
a Fujiwara test. Using’a test solution of pyridline and
sodium hydroxide; small coupons of membfane are
put in the solution and heated. A positive regponse is
indicated by,a red or pink color in the pyridipe layer.
This shewsthe membrane has been oxidized |by chlo-
rine ox halogens.

3(7.5 Electron Spectroscopy for Chemical Analysis or
X-Ray Fluorescence Testing

These tests involve the identification of irhpurities
which have been organically bound to the membrane
surface. It is predominantly used to identify the pource of
oxidation. Because the composition of the menpbrane is
known, anything else remaining on the surface jndicates
that oxidation of the membrane has occurred. [This is a
more thorough test than the oxidative dye test or Fujiwara
test, and therefore, requires a longer lead time.

3-7.6 Analytical Testing

Two types of analytical testing can be dong includ-
ing inorganic testing, such as inductively |coupled
plasma (ICP) emission spectroscopy, whidh helps
identify specific metals on the membrane sufface, as
well as silica testing. Organic testing is meagured by
total organic carbon (TOC) readings from [foulants
extracted from the surface. Organic testing|is used
only for total TOC count. Specific organics cainnot be

3-7.7 Flat Cell Testing

This test is performed after the destructive autopsy.
Samples are cut from fouled membrane and placed in a
plate and frame apparatus. These are compared against
new membrane control samples. Although the compari-
son is not exact, it does provide helpful information on
the fouled membrane.
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Table 3-6.3-1 lon Exchange System Performance Testing

Dissolved Undissolved Gaseous

Cations

Aluminum Bacteria Ammonia

Ammonium Color Carbon dioxide

Calcium Colloidal materials Chlorine

Magnesium Condensate corrosion products Hydrogen sulfide

Copper Organic materials Oxygen

Hydrogen (pH) Suspended materials, such as

turbidity, silt, and dirt
Iron
Manganese
Potassium

Sodium

Anions
Alkalinity
Bicarbonate
Carbonate
Chloride
Fluoride
Hydroxide
Nitrate
Phosphate
Silica
Sulfate
Sulfide
Sulfite

GENERAL NOTES:

(a) Hardness may be(measured directly in terms of CaCO, or may be calculated from Ca and Mg ion

concentrations

(b) Alkalinity may be measured directly in terms of CaC0, or may be calculated from bicarbonate,

carbonatésand hydroxide ion concentration.

16
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Table 3-6.4-1 Chemical Measurements
During lon Exchange System Performance Testing

Typical Measurements

lon Exchange System

Influent

Effluent

Sodium ion exchange

Total calcium and magnesium (1)

Chlorine (1)

Tlll’hif”f\,l A

Total hardness

Sodium and hydrogen ion exchange —
blended effluents

Sodium (SAC) and chloride (SBA) ion
exchange

Total cations (1)
Iron (1)
Manganese (1)
Oxygen (2)

Total calcium and magnesium (1)

Chlorine (1)
Alkalinity (1)
Turbidity (1)
Total cations (1)
TMA

Iron (1)
Manganese (1)
Oxygen (2)

pH

Totalcalcium and magnesium (1)

Chlorine (1)
Alkalinity (1)
Turbidity (1)
Total cations and anions (1)
TMA

Iron (1)
Manganese (1)
Oxygen (2)

pH

Chloride
Nitrate

Sulfate

Color

Total hardness

Alkalinity (1)
pH

Total hardness

Alkalinity (1) (P & M)
pH
Chloride

Hydrogen exchanger — weak or strong
acid cation resins

Organic matter

Total cations (1)

Chlorine (1)
Color
Turbidity
pH

Total hardness

Sodium

pH

FMA
Conductivity

co,

17
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During lon Exchange System Performance Testing (Cont'd)

lon Exchange System

Typical Measurements

Influent Effluent
Demineralization with weak base Total anions (1)
anion resin
Sodium Sodium
Alkalinity (1) Alkalinity
Color Conductivity (1)
TMA pH (1)

Demineralization with strong base
anion resin

Condensate polishing using sodium
form strong acid cation resin

Organic matter
Turbidity (1)
Phosphate

pH (1)

Iron

Total anions (1)

Sodium (1)
Alkalinity
Color

TMA

Organic matter
Turbidity (1)
Phosphate

pH

Silica (1) (reactive and total)

Conductivity (1)
Iron

Total hardness

Conductivity
Iron (1) (soluble)
Iron (1) [suspended (4)]

Total hardness

Sodium (1)
Alkalinity
Conductivity (1)
pH

Silica (1)

Total anions (1)

Total hardness

Suspended solids (3)
Iron (1) (soluble)
Iron (1) [suspended (4)]

Oxygen (2) Conductivity (1)
Suspended solids Copper (5)
Amines
Ammonia
Total cations
Copper (5)
Mixed bed — applies to demineralizer, Total hardness Ammonia
and condensate polishing, hydro-
gen/hydroxide, or ammonium/
hydroxide cycles
Conductivity Sodium (1)

Iron (1) (soluble)
Iron (1) [suspended (4)]

Iron (1) (soluble)
Iron (1) [suspended (4)]

18
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Table 3-6.4-1 Chemical Measurements

During lon Exchange System Performance Testing (Cont'd)

Typical Measurements

lon Exchange System

Influent Effluent
Copper (6) Copper
Oxygen (2) Chloride
Suspended-salids Conductivity-(1).
Amines (6) Silica (1)
Ammonia (6) pH

Total cations
Chloride
Silica

Boron (6)
Turbidity
Sodium

pH

Hydrazine (6)

Nuclear coolant ion exchange Activity level (1)

(applies to lithium/hydroxide, ammo-
nium/hydroxide, potassium/hydrox-
ide, and hydrogen/hydroxide mixed
bed resins, and those in which cation
resin contains one of these metals
and the anion is in the borate form)

Activity level (1)

NOTES:

(1) Major importance for the type of ion exchange systém listed.

(2) Also, major importance if system operating above 100°F (35°C).

(3) Analytical procedure given in Section 4, Instruments and Methods of Measurement.
(4) For suspended iron, see Mandatory Appendix II.

(5) For systems containing copper and copper alloys.

(6) These are specific for condensate pelishing applications.

3-8| REVERSE OSMQSIS (RO) OPERATING
PERFORMANCE

The performiance of a reverse osmosis (RO) or
nangfiltratién ,(NF) system is typically determined
by splt rejection and permeate flow. Loss of salt rejec-
tion
|\-n enco ntered o0 Q
feed channels associated with pressure drop increase

3-8.1 RO Proper Operation

Proper operation of the RO or NF system r¢quires a
number of control instruments listed below. The
of all instruments is critical. They must be instglled and
calibrated according to manufacturer’s instructjons.

(a) pressure gages that are required to me

pccuracy

sure the

the pump inlet line and dischare line, the feed pressure

is another typical problem. An immediate decline in
performance indicates a defect or misoperation of
the plant. Factors including the quality of the treated
water/product required, e.g., the type of membrane
process being used, the pretreatment being utilized,
the presence of certain organic substances, oxidants
and metals (such as Fe, Mn, Cr, CI?, and others),
temperature and extreme hydraulic conditions must
all be considered.

19

to the membrane element(s), the pressure drop between
feed and concentrate of each stage, and eventually the
pressure in the permeate line. Liquid-filled gages should
contain membrane-compatible fluids such as water in
place of oils or other water-immiscible liquids.

(b) flowmeters to measure concentrate and total per-
meate flow rate, also permeate flow rate of each stage.

(c) water meters in the permeate and feed line to log
the total water volume treated and produced.
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Table 3-8.2-1 K-Factor for Reverse
Osmosis Calculations

Water EC,; (uS/cm) K
Permeate -1 0.50
30-80 0.55
Seawater 4,500-6,000 0.70
Concentrate 6,500-8,500 0.75

Table 3-8.2-2 SDI Indices

SDI Test Value

Fouling Potential Estimate

(d) hqur meter to log the total operating time.

(e) pHl meter in the feed line after acidification to
measure{carbonate scaling potential.

(f) cohductivity meters in the feed line, concentrate
line, and permeate line to determine permeate quality
and salt fejection.

(¢) sample ports on the feed, concentrate; and perme-
ate (tota] permeate and permeate of ach’stage) to ena-
ble evalyation of system performance)A sample port on
each prefsure vessel permeate outlét'is recommended to
facilitate| troubleshooting.

3-8.2 Data Recording

The following datasmust be recorded and logged into
an apprqpriate log sheet at least once per 8 hr:

(a) date, time,and hours of operation.

(b) prpsstw® drop per pretreatment cartridge filter
and per RQ'stage.

SDI <1 Several years without colloid fouling
SDI <3 Several months between chemical cleanings
SDI 3-5 Particulate fouling likely. Frequent cleaning(
SDI >5 Unacceptable for membranes. Additional
pretreatment required.
GENERAL NOTES:

() Varies with module design. Spiral-wound modules genérally’require <5 SDI
whereas hollow fine-fiber modules require <3 SDI:

(b) Target SDI after filtration 3-5 or less. Surface orlseawater may have SDI
values of =200 and will require complex pretreatment.

TDS = KEC,,

The K-factor has to be determined for each spqcific
stream. Typical K-factors are shown in Table 3-8.2-1
(g) pH of the feed, permeate, and concentrate streams.
(h) silt density index (SDI) and turbidity of thg RO
feed stream. SDI is a numerical index only of the foul-
ing potential of membranes due to the presence ofsus-
pended solids. It is not a measurement of amount|and
may include organic colloids, iron corrosion prodficts,
precipitated oxides, algae, and fine particulate mqtter.
There is no direct correlation between turbidity or|sus-
pended solids measurements and SDI. It is an accepted
method of predicting expected membrane fouling
potential! (ASTM D4189-07). See Table 3-8.2-2.
(i) water temperature of the feed stream.
(j) Langelier saturation index (LSI) of the conjcen-

trate stream from the last stage (for concentrate strdams
I _TIOCN

(c) feed, permeate, and concentrate pressure of each
stage.

(d) permeate and concentrate flows of each stage.

(e) conductivity of the feed, permeate, and concen-
trate streams for each stage. Permeate conductivity of
each pressure vessel weekly.

(f) TDS of feed, permeate, and concentrate streams
for each stage. The TDS is calculated from the water
analysis. It can also be calculated from the conductivity
(at 25°C) EC,; and an appropriate K-factor

10000
1+8,006-meAE=TFDS)-

(k) Stiff and Davis Stability Index (S&DSI) of the
concentrate stream from the last stage (for concentrate
streams >10,000 mg/L).

(I) calibration of all gages and meters based on
manufacturer’s recommendations as to method and fre-
quency but no less frequent than once every 3 months.

(m) any unusual incidents; for example, upsets in SD],
pH, and pressure and shutdowns.

Lenntech.
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(n) complete water analysis of the feed, permeate, and
concentrate streams and the raw water at startup and
every week thereafter. The water analysis shall include

This, however,isanormal phenomenon. To distinguish
between such normal phenomena and real performance
changes, the measured permeate flow and salt passage

— calcium have to be normalized. Normalization is a comparison
— magnesium to a given reference performance while the influences of
- sodium operating parameters are taken into account. The refer-
— potassium ence performance may be the designed performance or
— strontium the measured initial performance.
—barium Normalization with reference to the 1n1t1a1 system per-
Hror{totaldissolved—andferrotsy formaneeistusefutoshow—np-any-performaneq changes
—laluminium (total and dissolved) between Day 1 and the actual date. This prededure is

alkalinity (bicarbonate, carbonate, hydroxyl)
sulfate

chloride

nitrate

fluoride

phosphate (total)

silica (total and dissolved)

total dissolved solids

conductivity

pH

TOC

silt density index (SDI). See Table 3-8.2-2.

3-8.3 Data Recording of Operating Characteristics of

the Pretreatment Equipment

Sihce the RO system performance depends largely
on the proper operation of the pretreatment, the oper-
ating characteristics of the pretreatment equipmentt
shotild be recorded. Specific recommendations fer all
recofrd keeping cannot be given, because pretreatment
is sife dependent. Typically, the following items must
be r¢corded:

(a total residual chlorine concentration in the RO
feed| (daily, unless known to be completely absent)

(b} discharge pressure of any well or booster pumps
(twife a day)

(c) pressure drop of all filters (twice a day)
(d) consumption of acid/and any other chemicals
(daily, if used)

(e} calibration ofall'gages and meters based on manu-
factfirers’ recommendations as to method and frequency
but no less frequent than once every 3 months.

(f] any twiuSual incidents; for example, upsets and
shutdowns.as they occur

strongly recommended, because it allows an'early iden-
tification of potential problems (e.g., scaling or|fouling)
when the normalized data are recorded daily.

Corrective measures are muchrmdre promisihg when
taken early. Computer progranis,are available fof normal-
izing operating data and graphing parameters including
normalized permeate floyw dnd salt passage as well as pres-
sure drop. Alternatively,the measured plant performance
at operating conditipns-Can be transferred to stanglard (ref-
erence) conditionsiby the calculations in para. 3-9|2.

3-9.2 Normalized Permeate Flow: Flow Normdlization

The pérformance of an RO/NF system is inffluenced
by thé feedwater composition, feed pressure, fempera-
tuze and recovery. For example, a feed temperature drop
0f4°C will cause a permeate flow decrease of about 10%.
This, however, is a normal phenomenon.

To distinguish between such normal phenonpena and
performance changes due to fouling or prol:ﬁ%ms, the
measured permeate flow and salt passage hafe to be
normalized. Normalization is a comparison of the actual
performance to a given reference performance yvhile the
influences of operating parameters are taken intglaccount.
The reference performance may be the designed perform-
ance or the measured initial performance.

Normalization with reference to the designed
ranted) system performance is useful to verify| that the
plant gives the specified (or warranted) perf¢rmance.
Normalization with reference to the initial system per-
formance is useful to show up any performance changes
between Day 1 and the actual date.

Plant performance normalization is strongly recom-
mended because it allows an early identifiqation of
potential problems (e.g., scaling or fouling) When the
normalized data are recorded daily. Corrective theasures
The meas-

(or war-

3-9 MEMBRANE PLANT PERFORMANCE
NORMALIZATION

3-9.1 Normalized Permeate Flow: Reverse
Osmosis Normalization

The performance of an RO system is influenced by
the feedwater composition, feed pressure, tempera-
ture, and recovery. For example, a feed temperature
drop of 4°C will cause a permeate flow decrease of
about 10%.
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are-much-more-effective-whentaken-earls
ured plant performance at operating conditions can be
transferred to standard (reference) conditions by the cal-
culations specified in paras. 3.9.2.1 through 3.9.2.3.

3-9.2.1 Normalized Permeate Flow

o -1" _PPS LI (1)
s X 0
L
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where AP,
P, = feed pressure Pf, ——*— Pp, — mfc, + mp, Cfe
APf Cp, =Cp, X AzP X —=
- = one half device pressure drop Pf. — 25 — Pp, — mfc, + mp, Cfe,
Pp = product pressure .
mfc, = osmotic pressure of the feed- Terms not yet defined und?r para. 3—?.2.1 are
concentrated mixture Cp = produ.ct concentration as ion in mg /L
TCF = temperature correction factor mp = osmotic pressure of the permeate in bar
Q = product flow o k L.
Subscfipts = standard condition 3-9:2:3—Exampte-of Flow Normatization——
Subscfipto = operating condition Values of startup (feedwater analysis in mg/L):

The temperature correction factor follows the formula:

TJF = EXP [2640 X {1/298 — 1/(273 + T)}]
for T = 25°C

TAF = EXP[3020 X {1/298 — 1 (273 + T)}]
for T = 25°C

where
T = temperature, °C

As stqndard conditions, take either the design val-
ues or the conditions at initial performance as given
in the sthrtup report, so that a fixed reference point is
availablg.

(a) Fgr the osmotic pressure, different formulas are
availabl¢ in the literature. A valid and practical short
approximnation is

(1) For Cfc <20000 mg/L
Cfc X (T + 320)
Tfc= —————
491000
(2)[ For Cfc > 20000 mg/L

~ 0.0117 X Cfc — 34 £ T+ 320
14.23 345

bar

w fc

where
Cfc = poncentration ofthe feed-concentrate.

(b) Cff can be calculated from following approximation:

Ca: 200
Mg: 61
Na: 388
HCO,;: 152
SO,: 552
Cl: 633

Temperature: 59°F (15°C),
Pressure: 363 psi (25 bat)

Flow: 660 gpm (150m3/h)
Recovery: 75%

Pressure drop:@4 psi (3 bar)
Permeate prégsure: 14.5 psi (1 bar)
Permeate TDS: 83 mg/L

Valuesafter 3 mo: (feed water analysis in mg/L):
Cax200

Mg: 80

Na: 480

HCO,: 152

SO,: 530

Cl: 850

Temperature: 50°F (10°C)
Pressure: 406 psi (28 bar)

Flow: 559 gpm (127 m3/h)
Recovery: 72%

Pressure drop: 58 psi (4 bar)
Permeate pressure: 29 psi (2 bar)
Permeate TDS: 80 mg/L

(a) For the standard conditions we have

Pf. = 363 psi (25 bar)

AP, .
> =22 psi (1.5 bar)

where

Y = recovery ration
_ product flow
~ feed flow

Cf = TDS feed mg/L

3-9.2.2 Normalized Permeate TDS. The normalized
permeate TDS is calculated from

22

Cf=1986mg/t
1
"oz
Cfc, = 1986 X ——=> = 3671 1
e, 0.75 mg/

mfc, = 36.3 psi (2.5 bar)

@)

TCF, = EXP [3020 X {1/298 — 1/(273 + 15)}] = 0.70

(b) For the operating conditions we have
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Compared to the startup conditions, the plant has

Pf = 406 psi (28 bar)
AP lost 4% capacity. This is a normal value after a period of
2 =29 psi (2 bar) 3 months. Cleaning is not yet necessary.
2 The normalized permeate TDS is derived from eq. (2)
Cf,=2292mg/1
28—2—-2-272+0.06 3671
1 Cp, = X X 80
lnm 25-15-1-25+0.05 4052
Tfe——-394-psi{2-72bar)
1° Compared to the initial 83 mg/L, the salt rejeftion has
slightly improved. Such behavior is typical for the initial

TQF = EXP [3020 X {1/298 — 1/(273 + 10)}] = 0.58
phase.

Sybstituting these values in eq. (1) gives
25—-15-1-25 « 0.70
. 28-2-2-27 058
= 636 gpm normalized flow (144 m3/h)

X127
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Section 4
Instruments and Methods of Measurement

MEASUREMENT

This Jode presents the mandatory requirements for
instrumgnts, methods and precautions of measure-
ment thht shall be employed. The Performance Test
Code Supplements on Instruments and Apparatus pro-
vide gerferal and authoritative information concerning
instrumgnts and their use, and should be consulted if
sufficienf information is not included in this Code.

By mitual agreement of the parties to the test, instru-
ment deyices and systems such as those using electronic
devices pr mass-flow techniques may be used as alter-
native tq the mandatory Code instrument requirements,
provided that the application of such devices and
systems [has demonstrated accuracy provided by the
instrum¢nt manufacturer. Reference is made herein of
the latesf revision of the ASME Performance Test Code
PTC 19, bupplements on Instruments and Apparatus:

— PTCJ1, General Instructions

— PTCJ19. 2, Pressure Measurement

- PTC|19.3, Temperature Measurement

— Suppplement to PTC 19.5, Chapter 1, Part 5, Meastie-
ments offQuantity of Materials

4-2 MECHANICAL MEASUREMENTS

Measyrements may be made to detétiine flow rates
for all liquid streams in a system, including but not lim-
ited to regeneration of ion exchange units, or as a part
of a pregsure differential test{ Normally, flow measur-
ing (indifcating and or transmifting) devices that may be
used for[these measureménts are provided in the appro-
priate lites of a system,If weight determinations are to
be made, it will also\b€ necessary to determine relative
density hnd teniperature of the fluid being measured
and the hecesSaty compensating corrections applied to
obtain agcuraté weights.

tion with chemical nalyses may be eployed.

4-4 TEMPERATURE MEASUREMENT

Temperature measurements will be required to

(a) determine correctbackwash pates for ion exchgnge
units

(b) determine that resins ahd membranes are being
operated within specified temperature limitations

(c) determine that regenerant temperature is wijthin
the specified range

(d) establish need for correction factors for pH, [con-
ductivity, relativedensity, or other tests that are tenjper-
ature sensitiye

(e) determine temperature correction factor for [nor-
malized. flow rates

It sheould be noted that the viscosity of water varies
considerably with temperature increasing as tempera-
ture declines, and this is a very important considergtion
in backwash rates for ion exchange units.

If temperature-measuring instruments are provjded
at suitable locations in the system, they may be fised
for the tests. All temperature-measuring devices may
be tested and correction factors determined by methods
given in PTC 19.3 (1961) if the parties to the test de¢m it
necessary. If any additional instruments are requirdd, it
is preferred that they be installed in thermometer wells
installed in the pipelines where temperature njeas-
urement is required. In systems operating at less fhan
200°F, temperatures may be measured at outlet p¢ints
by immersing the sensing element in a container|and
allowing the water to overflow from this container|into
another surrounding container from which it may fimally
flow to waste.

4-5 LOSS OF PRESSURE MEASUREMENT

Measurement of pressure loss in a svstem malr be
T

4-3 FLOWMETER ABSENSE

In the absence of a flowmeter, concentrated regener-
ant flow rates and total volume of concentrated regen-
erant used in regenerating ion exchange units may be
determined using a calibrated volume tank or container
of known volume. The rate of draw down, the total
level change, and time increment will provide the data
necessary for calculation. Alternately, volumetric flow

made to

(a) determine physical or chemical condition of ion
exchange resin beds or membrane elements

(b) determine condition of an entire unit

(c) determine overall condition of an entire train of
two or more ion exchange units operating in series

(d) determine effectiveness of backwash

(e) check for biological fouling of membranes in the
lead array
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(f) check for fouling or compaction of membrane
elements.

Prior to testing, it will be necessary to agree on the flow
rate or flow rates at which the test will be made, and to
establish whether the test will be made before or after back-
washing or cleaning. Suitable pressure-sensing connections
are to be made available. For the preferred methods of sens-
ing connections, refer to the latest revision of PTC 19.2.

DDECCLIDE LNACC ACDACC A CINGCLE LIAIT |

references are made to ASME Power Test Codes, to the
Supplements on Instruments and Apparatus, PTC 19.11-
1970, and to other publications describing detailed meth-
ods and apparatus that shall be employed in testing ion
exchange equipment under the Code.

4-9 SAMPLING OF WATER FROM INFLUENT
AND EFFLUENT OF WATER TREATMENT
EQUIPMENT

4'6 NFMLIOJOUNL LUOJ ACNVOO A JTINULL UNTT/

ARRAY OR TRAIN OF MULTIPLE UNITS/
ARRAYS MEASUREMENT

Pilessure loss of the magnitude expected across a sin-
gle 1nit/ array or train of multiple units/arrays may be
meapured by a diaphragm or bellows-type differential
gagé¢ or by a pair of matched, calibrated Bourdon tube-
typqpressure gages. If a pair of gages is used, they should
be mounted at the same elevation to avoid the neces-
sity |of correction for different static head and to allow
for §imultaneous reading of inlet and outlet pressures.
Ranges of the pressure gages should be appropriately
sele¢ted. Gages should be calibrated with a dead-weight
testqr before the test period. Decreased temperature
incr¢ases viscosity and pressure differential across resin
bedg, and AP variation is linear with flow rate. However,
viscpsity has little effect on AP in system mechanical
components, while AP varies as the square of flow rate.

Pgessure loss measurement may be made across a
resiip bed to indicate the rate of particulate fouling;or
of backwash effectiveness. Pressure loss tests should be
made immediately before and after backwash using the
samg flow rates for each pressure loss test.

PRESSURE LOSS INDICATION ACROSS A
RESIN BED MEASUREMENT

4-7

F

is ng

r pressure loss indication dcrpss a resin bed only, it
cessary to have pressufe connections available in
the Jon exchange vessel external inlet and outlet pip-
ing petween the vessel.and all isolating and operating
valves, flowmeters,zesin traps, etc. An acceptably accu-
rate| measurementyof pressure loss through the resin
bed |only can bexmade by calculating pressure drop in
the gmall amigunt of piping included and allowing 1 psi
(6.9 kPay)-for internal collectors and distributors.

ClassAAbellows, diaphragm, or Bourdon tube-type gages

Sampling of water shall be in accordarjce with
the method outlined in ASTM D510-68,) Methods of
Sampling Industrial Water, and subsection 2.2 pf ASME
PTC 19.11-1970. These methods céver the sanjpling of
industrial water and include

(a) sampling for chemical-or'physical tests

(b) sampling for biological-tests

(c) sampling for radidaetivity determination|

(d) sampling for continual analysis

Normal variations-in processes and in equipment
from plant to plant preclude the possibility off specify-
ing methods{of sampling that are applicable in pll cases.
However,definite principles have been establighed that
are applicable in general and in most specific cases.
Wheremodifications or changes in these procedfires may
be.necessary under specific circumstances, they may be
made by mutual agreement of the parties concgrned.

A convenient method of obtaining samples of service,
backwash, and rinse waters in an ion exchange $ystem is
by installation of sample valves in pressure gagp piping.
A gage and isolating valve may be mounted iLthe top
run of tee connection while a sample valve is fnounted
on the bottom run of tee connection. The tee gide con-
nection is piped to the sample point. Samplgs drawn
from such points are generally acceptable for n¢ncritical
tests where constituent concentrations are higher and
isokinetic sampling is unnecessary.

Resultsin all cases shall be reported in accordgqnce with
ASTM D596, Standard Method of Reporting Results of
Analysis of Water.

Referenceismadeto ASMEPTC 19.11-1970, Insfruments
and Apparatus Supplement, Water and Stearp in the
Power Cycle (Purity and Quality, Leak Detection and
Measurement), and to other publications dgscribing
detailed methods and apparatus that shall be employed
in testing under this Code.

For a mare complete listing of constituents to

€ meas-

may
calibrated before the test by means of a dead-weight tester in
accordance with the latest revision of PTC 19.2. The calibra-
tion chart for each shall be made a part of the test records.

1. P R o N N il Lo 111
D ST ST 5 as S ar T TO- DT USCOHC y - STTo Tt o

4-8 CHEMICAL MEASUREMENTS

The necessary instruments and mandatory rules for
making measurements are prescribed here in. Specific

25

ured with respect to particular ion exchange systems,
refer to Tables 3-6.3-1 and 3-6.4-1.

Chemical and biological tests for measuring influ-
ent and effluent constituents may be found in ASME
PTC 19.11 and in American Society for Testing Materials
(ASTM) Standards, Part 23, Water; Atmospheric
Analysis. A list of suggested ASTM methods is detailed
in Mandatory Appendix II.
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4-10 FIELD SAMPLING OF MEDIA

Field sampling of ion exchange materials shall be
done in accordance with the method outlined in ASTM
D2687-95, Standard Practices for Sampling Particulate
Ion Exchange Materials. The method covers sampling
of ion exchange materials as received from the manu-
facturer in the original shipping container and prior to
any resm—cond1t10n1ng procedure The samphng of ion

4-11 HIELD MEASUREMENT OF RESIN VOLUME
Refer fo para. 3-6.1.4.

4-12 ANALYSIS OF ION EXCHANGE MATERIALS

(1) THe analytical methods normally employed to
ine physical and chemical properties of ion
exchangg resins are generally conducted by laboratories.
They arg not easily adapted or modified to field appli-
cations. [The following tests will adequately determine
acceptalfility (or rejection) of resins:

- moigture

— dendity

— percgnt whole beads

— stron)g acid exchange capacity

— stror)g base exchange capacity

— weak acid exchange capacity

— weak base exchange capacity

— particle size analysis

— foulants

The procedures for sampling and testing.are described
in ASTM D1782-95, ASTM D2187-94, ASTM D2687-95,

ater retention capacity

ckwashed and settled density

— Hartiele size distribution

— tptal capacity of cation exchange resins

— microscopic examination
— physical attrition

In these cases, the analyses can be performed using
the methods agreed upon by all parties involved.

The ion exchange resin should be analyzed prior to
operation and samples taken of each batch and retained
for future reference. This will provide a record of the
properties of the as-received unused material and serve
for companson purposes

= rior
to service in a manner comparable to ion exchange res-
ins. As furnished they are guaranteed to have(the stpted
membrane area, have an initial minimum permeate flow
capacity, and have an initial minimum salt'rejection

Detailed records should be keptof date of recpipt,
any applicable product numbers,/setial numbers, ptor-
age provisions, date placed in service and any angl all
operating problems along with(records of influent water
analysis or treatment methods.

4-13 SAMPLING FOR SUSPENDED SOLIDS

Crud or sdspended solids is of primary ipter-
est with respect to condensate demineralizers, while
ion exchange capacity is more applicable to make-up
demineralizers. Although a wall (flush) sample| tap
can.give representative samples in some situations, a
multiport or single-port nozzle (as illustrated in AJTM
D3370, Section 7) is recommended to obtain a trulyrep-
resentative sample, especially in applications where
particulates in the stream are of interest. As noted in
ASTM D3370, isokinetic sampling should be emplgyed
to obtain a representative sample in any two-phase
system, which includes steam/water mixtures as well
as water/particulates. The amount of deposition [in a
sample line is proportional to the length of the sarpple
tubing. Therefore, sample lines should be maintaindd as
short as practical to ensure that the suspended parficu-
late is present in representative proportion in the|col-
lected sample to the main fluid.

Turbulent flow (Reynolds number > 4,000) shpuld
be maintained over the entire length of the sampjling
line including the sample cooler, if any. To maintain as
high a degree of turbulence as possible at a given dam-
ple flow rate, the sample cooler, if required, shoul be
located as near as possible to the sample line ternfina-
tion. Minimum flow rates required for turbulent flow

(2) Depending on the type of ion exchange mate-
rial and its specific application, it may be necessary to
measure other chemical or physical properties, such as

— total and salt-splitting capacity of strong base
anion exchange resins

— total capacity of chelating resins

— total capacity of weak and intermediate acid
cation ion exchange

— total capacity of weak-base anion exchange resins

can be easily calculated, and are a function of line size
(ID) and sample temperature. Studies on particle trans-
port have indicated that velocities in the sample lines
near 5 ft/sec are optimal for preventing deposition
on and erosion of sample tube walls. See Table 4-13-1.
Within the requirements to maintain turbulent sample
line flow and isokinetic sample flow rate through the
sample probe, sample line size can be set by other sys-
tem design conditions.
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Table 4-13-1 Purge Times Required for Representative Sampling

Recommended Purge Recommended Flow Recommended Flow

Line Size, Wall Thickness, Time in Seconds Per Required to Achieve,  Required to Achieve,
in. in. ID, in. Lineal Foot at 500 mL/min 5 ft/sec (mL/min) 5 ft/sec (gal/min)
1/4 Tubing 0.035 0.180 1.8 1,501 0.40
0.042 0.166 1.6 1,277 0.34
0.049 0.152 1.3 1,070 0.28
0.058 0.134 1.0 832 0.22
0.065 0.120 0.8 667 0.18,
3/8 Tubing 0.035 0.305 5.2 4,310 1.14
0.042 0.291 4.8 3,924 1.04
0.049 0.277 4.3 3,555 0.94
0.058 0.259 3.8 3,108 0.82
0.065 0.254 3.4 2,989 0.79
1/2 Tubing 0.035 0.430 10.3 8,567 2.26
0.042 0.416 9.7 8,018 2.12
0.049 0.402 9.0 7,488 1.98
0.058 0.384 8.3 6,832 1.81
0.065 0.370 7.7 6,343 1.68
0.072 0.356 7.1 5,872 1.55
0.083 0.334 6.3 5,169 1.37
'/, Pipe Schedule 40 0.622 2136 17,926 4.74
3/, Pipe Schedule 40 0.824 37.8 31,459 8.31
1 Pipe Schedule 40 1.049 61.3 50,985 13.47

All sample lines should be flushed thoreughly prior to
sampling. Sample lines should be maintained with con-
tinupus flow through the system, if\possible. If continu-
ous flow is not practical, the lines'should be flushed for a
minjmum of three sample line-volumes prior to collection
of thhe sample. The valves(shotld be then returned to a
“set{point” position with tespect to sample flow require-
menjts. All sample valves should be of the type designed
with a minimum_.¢f/internal pressure drop or flow dis-
turbpnce. The same parameters concerning sampling for
susgended sglids should be used at the influent and efflu-
ent ¢f the dorréxchange equipment or system.

(a) A“0A45 pm filter pad comparison chart is a rapid
meaps\for estimation of total iron present in a particu-

to 2.0 ppm) than at lower influent conceptrations
(<0.1 ppm). The capacity will depend on the conjposition
of the crud. In general, a higher capacity is obtgined for
magnetite than hydrated iron oxides. Other pafameters
affecting this are the number of regenerations, regenera-
tion level, backwash flow rate, and the operatiqnal flow
rate. In general, higher flow rates (>25 gpm/ ft?)|produce
higher capacities (or removal efficiency) for cfud than
low flow rates (<25 gpm/ft?).

4-14 ION EXCHANGE OPERATING CAPACITY

Ion exchange operating capacity is that portipn of the
total ion exchange capacity of a resin that can be utjlized in a

late form (crud) or mixture. The color produced depends
not only on the concentration, but also on the particle
size distribution, morphology, and composition of the
suspended solids. Reference is made here to Mandatory
Appendix II of this Test Code, which details methods of
preparing filter pad comparison charts.

(b) The capacity of ion exchange resin for the removal
of crud will depend on the concentration of the influent
suspended material. In general, a greater capacity is
obtained at higher influent concentrations (0.5 ppm

practical ion exchange operation. There are a large number
of service and regeneration factors that influence the capa-
city that can be achieved. This “capacity” is commonly
expressed in kilograins of calcium carbonate (CaCO,) per
cubic foot (kgr/ft?) or equivalents per liter (eq/L) of resin.
The equipment manufacturer normally calculates the resin
working capacity and resin volume required to meet the
plant requirements based on a given water analysis.
Operating capacity decline can be the result of chemi-
cal and/or mechanical deterioration. Factors including
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the quality of the treated water/product required, e.g.,
the type of ion exchange process being used, the fre-
quency of regeneration, the adequacy of the of removal
of resin fines and accumulated solids, the hydraulic
load on the resin, the resin type, the presence of certain
organic substances, oxidants and metals (such as CL,, Fe,
Mn, Cr, and others), temperature, and extreme hydrau-
lic conditions must all be considered.

(a) The influent and effluent ammonia concentration
must be t Hret t
cycle andl using ammonia treatment or operating in an
h environment or plant.
issolved solids determination by electrical conduc-
e cannot be used in all cases to determine oper-

ductivity to obtain the total dissolved solids.
Ity pretreatment can lead to increased influent

nly be determined by experience.
(d) Fepd temperature can also have a profound. effect
perating capacity of weak acid cation, weak
base, andl Type II strong base anion resins, High temper-
atures cgn degrade the resin, especially.dcrylic and Type
I aniong. Temperatures should be closely monitored at
minimuin, in the influent to the ipn exchange system.
(e) Afhange in the ionic comppsition of the water can
also affeqt operating capacityeven if the total ionic content
remains uinchanged. For exaniple, an increase in sodium
to total ¢ations ratio may-lead to sodium leakage from
the catioh if the acid.fegeneration level is not adjusted to
compengate. Similarly, an increase in free mineral acid-
ity (FM4) will shoften the throughput of an anion resin
after a d¢carbemnator. As a result, specific ion electrodes or
other anglytical tools should be utilized in the determina-

(g) Electrical conductivity and/or specific ion measure-
ments alone may be impractical for determining changes
in the ion exchange resin characteristics, such as degrada-
tion or fouling that can cause a significant decline in oper-
ating capacity. Whenever resin fouling or bead breakage
is suspected, a representative resin sample, withdrawn
according to recommended procedures, should be tested
per the appropriate ASTM procedures. If necessary, the

(h) In other cases, measurement of electrical,confluc-
tivity may also be impractical for determiningopergting
ion exchange capacity or exhaustion. These arg instahces
where the electrical conductivity doesmot change|sig-
nificantly, regardless of the concentration of dissojved
solids. An example is the determination of the lithium or
ammonium capacity of a reactor edolant purificatior ion
exchanger operating in the hydrogen-borate form vith
a high concentration of bericacid present in the coofant.
Another example is the~determination of the opergting
capacity of a reactor’demineralizer for “trace” concen-
trations of radioactive ions. In such cases, the detefmi-
nation of capaeity should be made using the approptiate
analytical procedure.
(i) Theltesting of ion exchange resin for removal of
trace [ppb-(ug/L), ppt (pg/L)] quantities of soluble rpdio
nuclides should reflect the fact that concentration i the
primary factor to be considered. For example, concen-
trated test solutions will indicate higher capacities fhan
will the operational case. The calculation necessaty to
arrive at the value of the regeneration efficiency shpuld
be done in accordance with subsection 2-1.
(j) Determination of anion effluent silica alone fcan-
not be used in all cases to determine the end of aphion
operating exchange capacity. In some cases, the sodium
levels from the cation unit must be determined by the
use of a sodium analyzer or other analytical technjque
on the effluent of the cation exchanger (i.e., the inflfient
of the anion exchanger). Increased influent sodium t¢ the
anion exchanger will result in increased silica leakafe.
A properly performed evaluation of the operdting
ion exchange unit and the resins contained within|will
provide key information associated with loss of fesin
exchange capacity, loss of operating exchange cap{city,
probable factors responsible for lost capacity, and dther
irreversible damage as well as types and concentrations
of foulants. Such a review will allow the investigator

tion of certain ions that require measurement, and system
adjustments should be made as appropriate.

(f)’ Pumps and measuring equipment should be
checked and, if faulty, either restored to good work-
ing order or replaced. In the case of poor water quality,
valves should be checked to ensure there is no leakage of
regenerant into the service water, or raw water into the
treated water. Flow distribution problems and/or inef-
ficient regeneration are caused by improper, blocked, or
broken internal distribution systems.

to determine the most acceptable pathway required to
restore effluent quality performance, for example

(1) modify the regeneration procedures, condi-
tions or concentrations

(2) adjust the run length service throughput

(3) replace the resin

(4) implement additional pretreatment of the
influent water

(5) clean the resin using an approved chemical
procedure
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Section 5
Interpretation of Results

5-1 INTRODUCTION

Pdrformance of various types of high-purity water
treafment systems is interpreted as described in the fol-
lowing parts. Since it is unlikely that all operating condi-
tion$ can be maintained exactly at the specified values,
it wijll be necessary to correct test performance for the
effegt of such deviations.

5-1.1 Mechanical Measurements

Flpow rates, differential pressure, and temperature
meapurements shall be interpreted from the readings in
accgrdance with the directions given in the necessary
sectjons and parts of this Code, which refer therein to
the gppropriate ASME Codes that have been selected for
partjcular measurements.

Alvariety of mechanical measurements are utilized
to rhonitor the performance and operation of high-
purity water treatment systems. These include flow
meapurements, pressure measurements, temperature
meapurements, power readings, volume measurements,
and| monitoring of age and physical charact€ristic
pargmeters.

541.1.1 Flow. Flow measuring devices/including a
wideg variety of engineered and standatd devices are some
of tHe most critical devices for ensuring proper operation
and |troubleshooting of high-pufity-Wwater treatment sys-
temg. Typical flow measurement.devices utilized in these
applications include flow ¢rifices, flow nozzles, and tur-
bine| meters, etc. Ultrasgni¢ flowmeters can be temporar-
ily impstalled and are uSeful when in-line devices fail or are
suspect. Whether thése devices are permanently installed
or tgmporarily_mounted, most have specified installation
requirements tor ensure proper operation of the device
and|to deliver accurate data. Some flow measuring
devices ‘dre required to have minimum straight lengths
of pleup
also required to be operated within a certain calibration
range in order to ensure accuracy.

In ion exchange systems, calculations of flow per unit
cross-sectional area (gpm/ft>m3/m?), and flow per unit
volume of resin (gpm/{t>m3/h/m?) are utilized to eval-
uate operation and monitor the regeneration process.

a1 _and AOWNSITream O ASHOIS C and are

NOTE: Both of the foregoing metric equivalents are more properly
expressed as meters per hour (m/h). See Table 5-1.1.1-1 for typical
operating flow specifications for ion exchange systems.
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In membrane processes, routine monitoring of per-
meate, reject, and influent flow rates will prqvide the
system operator with data related to system operation,
membrane degradation, and potential fouling qr scaling
of the membranes. All flow data collected for mpmbrane
systems must be normalized or adjusted to ac¢ount for
variations in water temperatufe;-pressure, and concen-
tration. For example, the volume of permeate jncreases
as the water temperature’ increases due to change in
water viscosity. An inerease in influent water [pressure

will also result in_ariincrease in permeate flow rate,
while variations in the concentration of contamjinants in
the influent water will change the efficiency of the mem-

branes. Watef, flux rate (the flow rate of water|through
the membrane per unit area of membrane surface) and
salt flux rate (the flow rate of dissolved contdminants
thrétigh the membrane per unit area of mpmbrane
sdiface) are two important flow-related pafameters
for membrane systems. Flux rates for membrgne proc-
esses vary depending on the influent water quplity. See
Table 5-1.1.1-2 for typical system flux rates of various
membrane applications.

5-1.1.2 Pressure. Like flow measuring [devices,
pressure indicating equipment provide critidal infor-
mation for ensuring proper operation of or in| trouble-
shooting problems in a high-purity water tfeatment
system. Pressure and flow rate are directly related in ion
exchange systems and membrane processes.

In resin-based ion exchange systems, the presgure drop
or differential pressure across each resin bed should be
continuously monitored to track system perf¢prmance,
provide indication of system problems, and predict the
need for backwashing of the resin bed. The rate of par-
ticulate fouling of ion exchange resin beds ag well as
degradation, such as oxidation of resins, can be indicated
by the use of these differential pressure measyrements.
Mechanical restrictions of flow would also be [a source
T ; fart- tveness of
resin bed backwash operations can also be determined by
measuring pressure drop across the resin bed both before
and after the backwash cycle provided sufficient time is
allowed for bed compaction to occur between readings.

Pressure measurements are an integral part of success-
ful membrane process system operations. Pressure gages
or transmitters, on membrane systems, are required to
measure the pressure drop across the cartridge filter, the
pressure on the pump inlet line and discharge line, the
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Table 5-1.1.1-1

Typical Operating Flow Rates Specifications

Parameter Typical Specification Limit

Service 1 gpm/ft3to 5 gpm/ft3 (7.48 m/h to 37.4 m/h)
[Note (1)]

Backwash 2 gpm/ft? to 8 gpm/ft2 (0.8 m/h to 3.3 m/h)
[Note (2)]

Regenerant 0.25 gpm/ft3 to 2.0 gpm/ft> (31 L/h/m? to 249 L/h/m?)
[Note (3)]

Slow rinse (displacement) 0.25 gpm/ft3 to 2.0 gpm/ft3 (31 L/h/m? to 249 L/h/m?)
[Note (3)]

Fast rinse 1 gpm/ft3 to 5 gpm/ft3 (7.48 m/h to 37.4 m/h)
[Note (1)]

NOTES:

(1) This varies with the influent ionic concentration, the type of ion exchange resin, the
regenerated operating form and influent temperature.

(2) See Nonmandatory Appendix B for calculation of water temperature correction factors.

(3) This is dependent on resin type, ionic concentration and selection of regenerant ¢hepicals.

Table 5-1.1.1-2 Typical System Flux Rates

Application

Typical Spegification Limit [Note (1)]

MF/UF influent flow rate

MF/UF backflush flow rate

RO with MF/UF pretreatment

RO with conventional pretreatment

Second pass RO

36:gfd'to 110 gfd (35 m/d to 108 m/d)
Upto 185 gfd (181 m/d)

12 gfd to 20 gfd (12 m/d to 20 m/d)

8 gfd to 12 gfd (8 m/d to 12 m/d)

21 gfd to 25 gfd (21 m/d to 25 m/d)

surface per day.

NOTE:

feed pregsure to the membrané element(s), the pressure
drop befween feed and caricentrate of each stage, and
the presgure in the permeate line. Like flow rate, pres-
sure medsurements are.parameters that must be normal-
ized in thembrane_Systems to account for variations in
water temperature, pressure, and concentration and to
accurate]y determine changes. Differential pressure in
a memb Fane freatment system refers to the difference
between|
Both should be routmely momtored and thls param-
eter tracked to trend system performance and to pre-
dict the need for membrane cleanings. Reverse osmosis
systems work by utilizing pressure to overcome the
natural osmotic pressure of the system. In UF and MF
membrane systems, however, transmembrane pressure
(TMP) is the primary driving force for transport of water
through the membrane. The transmembrane pressure is
calculated as

GENERAL NOTE: The abbreviation." gfd" denotes gallons per square foot of membrane

(1) Depends on dissolved and/or suspended solids loading.
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Transmembrane pressure = (Influent water press
reject water pressure)/2 — effluent water pressure

Increasing transmembrane pressure can indicate
rioration or fouling of the UF or MF membranes.

5-1.1.3 Temperature. Temperature can be a cryicial

and membranes have maximum operating tempera-
ture limits that should not be exceeded during normal
operation.

For ion exchange systems, temperature is particu-
larly crucial for backwash operations, regeneration,
and cleaning operations. If backwash temperature var-
ies more than 10°F, the backwash flow rate should be
adjusted to compensate for changes in water density. If
the backwash water temperature increases and flow is
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not adjusted, the flow rate will be too low, and solids
and broken beads will not be effectively removed. If
the backwash water temperature decreases and flow is
not adjusted, the backwash flow rate will be excessive
and resin will be lost. Temperature is also an important
factor in the removal of silica and oils or other organic
foulants from resin beads. During regeneration of anion
resin beads, the caustic solution must be warmed to
approx1mately 95°F (35°C) or 120°F (49°C) for effectlve

the catlon resin beads the cleanmg solutlon in gen-
warmed to 160°F to 180°F (71°C to 82°C) to facili-

sure data collected for membrane systems must
ormalized or adjusted to account for variations
in water temperature, pressure, and concentration. A
stanfdard approximation for the effect of water tempera-
ture| changes on membrane processes is a decrease of
1.8% of the flow rate per degree Fahrenheit decrease.

511.1.4 Power. Electrical power related measure-
merjts such as resistance, amperage, and voltage are
mosf commonly monitored in relation to EDI and EDR
systems. Since EDI or EDR cells can be related analo-
gously to resistors in series, continuous monitoring of
thesp parameters provided indication of the performs-
ancq of the unit. Fouling or scaling in the cells is nor-
mally indicated by an increase in resistance across the
unitp. On constant current systems, fouling or_scaling
will[also be observed by a corresponding.increase in
volthge as the system compensates to maintain the same
currpnt. The current efficiency, a ratio of the influent
flow] rate to the current, is also impertant in EDI and
EDN units because it relates to the-ability of the unit to
rempve weakly charged ions-such as silica and boron.
A cyrrent efficiency of 20%0less is common for these
systems with a current efficiency of 10% or less optimal
for tprgeted silica or boten removal.

541.1.5 Volume  (Media, Regenerant, Waste and
Treated Product). Volume is a method of mechanical
meapurement” frequently encountered in conjunction
witH resimbased ion exchange systems. The bed volume
in ap ion exchanger is the volume of active resin beads

can indicate a change in influent water quality, a reduc-
tion in regeneration efficiency, or deterioration or foul-
ing of the resin.

Regenerant chemical quantities and regeneration
wastewater quantities are other volume parameters
that are typically tracked in ion exchange systems.
Different resin types have different quantities of chem-
ical required to regenerate a specific volume of that
resin. For 1nstance, 51b (2 3 kg) is a typlcal volume of

e—to—regenerate
1 ft3 (28 321L) of strong ac1d catlon resin. Thes¢ quanti-
ties should be tracked to verify regeneration efficiency
of the resin. Changes in required regenerant ¢hemical
volume can cause a reduction in regeneration efficiency
or deterioration or fouling of the fesin. Regeneration
wastewater volume is trackéd primarily due to the
expenses associated with handling, treating, pnd dis-
posing of chemical cenfaining wastewatery. Often
these volumes are segregated into high total dissolved
solids (chemical wastewaters) and low total dlissolved
solids wastewaters (rinse and backwash whaters) to
minimize the velume requiring treatment or fto allow
reclamatioft:

5-1.1,6 Age and Physical Characteristics. For resin
basedion exchange systems, routine representafive resin
samples should be collected approximately every 2 yr
tor laboratory analysis of the physical integrify of the
resin beads. With proper care, cation resins shpuld last
8 yr to 10 yr while anion resins typically have|a useful
life of 2 yr to 4 yr. Stressors such as fouling, high pres-
sures and temperatures, freezing conditions, gnd high
contaminant levels such as organics, iron, and|chlorine
can reduce the resin’s useful life span. A high percentage
of broken beads indicates that the resin may hgve been
exposed to excessively high water differential gressures
or freezing conditions. A high moisture content indi-
cates degradation of the resin bead capacity. Fguling or
coating of the bead surfaces with contaminants such as
organics, metals, silt, or precipitants indicate the need
for a resin cleaning or replacement (in severe fontami-
nation cases).

A visual inspection of membrane elements provides
the operator information about potential fouling or
scaling problems. With proper care, a membfane life
span of 3 yr to 4 yr is typical. Visual obseryation of
discoloration, foreign matter, or deposits indicates

in the vessel that is set during the design of the system
based on the influent water quality and the desired run
length of the equipment. It is usually measured in cubic
feet (ft®) or cubic meters (m?) of resin. The throughput
volume relates to the design run length of the equip-
ment; it is the volume of water that can be processed
by an ion exchange unit before it reaches exhaustion.
This parameter is typically measured in gallons or cubic
meters (m?), and any changes in the throughput volume

that membrane cleaning is required. Decrease in per-
meate flow rate, performance decline, increased pres-
sure drop between the influent and reject sides, and
higher salt passage are all indicators of potentially
fouled membranes. Telescoping and fiberglass dam-
age are indicators of excessive hydraulic loading or
improper loading of the membrane modules in the
pressure vessel. High salt passage is typically a result
of mechanical damage to the permeate tube or dam-
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aged brine seals. Membrane mechanical integrity
issues such as punctures, scratches, or delamination
of the membrane surface also leads to high salt pas-
sage problems.

5-1.2 Chemical Measurements

Analytical measurements shall be performed on nec-
essary water samples for recommended constituents for
the particular ion exchange equipment or system under

5-3 CALCULATIONS AND ANALYTICAL PROCEDURES

It is recommended that calculations and analytical
procedures to obtain preliminary test results be carried
out simultaneously with the conducting of the tests.
Such procedures provide an opportunity for early exam-
ination of the test data and the detection and correction
of any observer errors, instrument errors or failures, and
other reasons to repeat tests. Shortly after the conclusion
of this initial test series, it should be reasonably clear

test, see It‘ara. 3-6.4.

The Instruments and Methods of Measurement
Section qf this Code Test refers to the appropriate ASTM
test progedure applicable for selected constituents.

5-2 PHRFORMANCE BENCHMARK

It is dgsirable that a performance benchmark be estab-
lished ingmediately after systems are first placed in serv-
ice. ShoIIld the Code Test be delayed, there should be
reasonalfle assurance that the systems have not been
damagedl or become fouled with various materials dur-
ing the iptervening period of operation.

whether the test results are consistent and acceptable, or
whether further testing is required.

5-4 EXPRESSION OF SPECIFIED PERFORMANCE
AND RESULTS OF TESTS

The specified performance andthe results of tests cgver-
ing a series of runs and measufements may be expressed
as a single value with respect to'the removal of individual
constituents within the Wwater being treated. Single|val-
ues for ion exchange capacity can also be calculated pvith
respect to individual constituents. For calculation of ion
exchange capacityyrefer to subsection 2-1.

32
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Section 6
Report of Tests

6-1

if included, type of chemical feed, injection pqgints and

Tlhe following outlineisa guide for reporting the results
of tests. Depending on the type and size of ion exchange
of nfembrane system or equipment to be tested, certain
readings may be omitted and others added. Since stand-
ardifation of tests results is of great convenience to those
whd use this Code, it is recommended that the outlined
fornjat be used with as few modifications as possible.
The |test report should only include that data that is of
signfficance in appraising the performance of the equip-
merit or system. Any other data used to support calcula-
tion$, results, etc., should be included in other sections
of tHe report, if desired.

(a) General Information

(1) date of test

(2) name of Company, location of plant, and plant
identification

(3) operating environment: housed or unhoused,
ambjient conditions, and any special operating conditions
(4) influent water: analysis, temperature of watér
used as basis of all calculations (well, river, process, souree,
quallity and temperature of regeneration waters, etc:)
(5) method(s) of pretreatment, type, dosage, injec-
tion[point of any chemicals added upstreany of system
beinlg tested
(6) testconducted by [individual(s), firm, address,
contpct numbers]
(7) general objective of tést
Description of Equipmerit
(1) original equipment manufacturers” reference
nunjbers and date of inStallation
(2) minimum;, “average and maximum effluent
opetating flow and‘throughput capacity and flow rate
varipbility
(3) plant operating cycle: hr/day; days/week;
weeks/yriln'the event of cyclic operating periods, state
“retyirn to’ service” practices basic type and configura-
tion

unit

of szctan -

control method
(4) number, size, and arrangementof each vessel/
system:
(a) ion exchange systems;\ configufation —
cocurrent/countercurrent, packed -bed, layeged bed,
mixed bed, single or multiple chambers
(b) membrane systéms; number of| tubular
modules per stage, number of elements per| tubular
module, number of stacks per modules, commmon or
individual rectifiers
(56) volume of media
(a) jon_exchange systems; specific type, resin
manufacturel, resin product designation, dperating
ionic form, wolume and bed depth of resin in gach ves-
sel, regenerant chemical, and dosage
(b) specific membrane model numbefrs, serial
n@mbers, and manufacturer/supplier
(6) description and location of flow miasuring
devices

(7) type, description, and location of [pressure
measuring devices
(8) type, description, and arrangement fof inline

monitors, including location of sampling point
(9) capacity and guarantees

(a) flow rate, gpm, (minimum, mpaximum,
average, peak)

(b) exchange capacity, kilograins (ion ¢xchange
only)

(c) throughput per cycle, gallons (ion ¢xchange
only)

(d) pressure drop, psi (bed, interstage,

(e) influent design analysis

(f) effluent water quality guarantee

(¢) end points (measured in terms of]
tivity or other applicable criteria)

(h) normalized permeate flow

(i) percent recovery per pass and sys

system)

conduc-

em

(a) ion exchange systems: types of units in
each system and unit placement in sequence (i.e., weak
acid cation, strong acid cation, decarbonator, strong base
anion, mixed bed), sequential or compressed regen-
eration mode, single unit or thoroughfare regeneration,
train or common header interconnection

(b) membrane systems: description of
pretreatment, submicron filters, pass, and stage con-
figuration, location(s) of feed pumps, details of recycle
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/) percent reject
(10) Equipment manufacturers’ operating proce-
dures and regeneration schedules, including flow rates,
duration, amount and type of regenerants diluted chem-
ical concentrations, and operating pressure.
(c) Description of Test Result Documentation
(1) operating history prior to test
(2) description of procedures used in pre-
conditioning equipment specifically for the test
(3) general description of test procedures
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(4) corrections for deviations from specified test
conditions
(5) description of test methods used other than
those originally specified
(d) Observations (Mean Observations Derived From
Operators” Log)
(1) influent water
(a) source
(b) pressure

Lo) daranaro
Hr

(5) type and dosage of supplementary influent
chemical treatments

(6) amount/weight of regenerant used per regen-
eration cycle and raw and applied concentrations

(7) rinse volumes

(8) power consumption

(e) Results
(1) throughput per cycle for each vessel tested

(2) pressure drop at design flow rate across each
ol

iz

(d) quality — individual constituents to con-
firm andlytical data where site tests are performed or
calibrateld online monitors are installed

(2)| effluent water
(a) pressure
(b) quality
(c) purity

(3)] flow rates [(influent and effluent/permeate
(constanf/variable), regeneration wastes/concentrate,
recycle)]

(4)

volume of resin in each vessel

(3) corrections to specified test conditions

(4) reliability of service and regeneration W
supply and waste transport system

(5) calculated normalized permeate flow

(6) normalized permeate TDS

(7) calculated regeneration“\efficiency, refef
Section 2

(f) Conclusions

(1) points of complianee

(2) points of nongompliance

(3) remarks

ater

to
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MANDATORY APPENDIX I
REGENERANT PURITY REQUIREMENTS FOR ION EXCHANGE
MATERIALS?

I-1 | SODIUM CHLORIDE (NaCl), COMMON SALT
This is generally supplied in granular or pelletized
fornp. Rock salt, and some solar salt grades, even pre-

mium quality, containing excessive amounts of insoluble

and soluble impurities can necessitate frequent cleaning
of dissolving tanks or cause resin fouling. Such products
are ot recommended for use in ion exchange systems.
Vacjium evaporated grades are recommended.
Constituent Minimum Specification

Purify 98%

Watpr content 1%

Insoluble matter < 1000 mg/L

Sulfpte (SO, ) 10000 mg/L

Calgum (Ca**) and < 500 mg/L

mlagnesium (Mg* ")

Solyble iron (Fe] * Undetectable

Sanfl or clay Nil

This salt quality is suitable for use in goctitrently and
counptercurrently regenerated units for seftéhing water. If
the faw water contains >1000 mg/LdIDS, even lower lev-
els df calcium and magnesium are(recommended. Where
hardness leakage from a countercurtently regenerated unit
is crjtical (i.e. <1 mg/L CaCQ),), it is necessary to specify
99%| salt, high-purity vacuum quality which contains
<5 1pg/Lto 10 mg/L calcidm or magnesium as CaCO,.
Sqlt used for huntan consumption or for animal feed
purpposes generally, contains iodine. This causes severe
resip fouling andbsuch grades should not be used in ion
exchange systems.

Whenrsalt is used for regenerating chloride anion
dealkalizers, or for counter currently regenerated soften-
ers, X X I _
ened and contain <1.0 mg/L calcium plus magnesium.

I-2  SULFURICACID (H,S0,)

Generally supplied as a colorless to yellow-brown liquid
containing 92% to 99% H,SO, weight for weight (w/w).

1 All impurity levels shown are based upon 100% w/w
concentrations of regenerants and exclude any contaminant
concentrations in dissolving or dilution water.
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Constituent Minimum Specifigation
Purity 93%'(66° Baurpe)
Iron (Fe) 50 mg/L
Arsenic (As) 1mg/L
Lead (Pb) 1mg/L
Insoluble matter Nil
Other metals and.impurities often found in ¢ommer-
cial sulfuric acidxare generally present in trac¢ quanti-

ties only and unlikely to cause problems. Thip quality
of acid is stitable for both weakly and strong]ly acidic
resins for cocurrently and countercurrently [regener-
ated umits.

I3 HYDROCHLORIC ACID (HCl)

Generally supplied as a colorless to yellow-green liquid
containing 30% to 37% HCl weight for weight (W /w).

Constituent Minimum Specification
Iron (Fe) 50 mg/L
Sulfate (SO,) 4000 mg/L
Oxidants (Cl,) 1mg/L
Arsenic (As) 1mg/L
Lead (Pb) 1mg/L
Insoluble matter Nil
Color White to light yellqw

If the resin is used for treating water for potpble use,
or for food processing, the acid used to regenprate the
resin must not contain any phenolic material. Jhenolics
can impart taste/smell to the treated water.

Other metals and impurities often found |in com-
mercial hydrochloric acid are generally present in trace
quantities only and unlikely to cause problems. Acid
that contains large amounts (100 mg/L) of iron can
cause problems in the service cycle. Metals often act
as catalysts in promoting undesirable side reactions. In
worst cases (i.e., 5mg/Lto 10 mg/L copper), the metals
can catalyze oxidation of the resin, causing the resin to
swell and reduction of its volume capacity. This quality
of acid is suitable for both weakly and strongly acidic
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resins for cocurrently and countercurrently regener-

ated units.

I-4 NITRICACID (HNO,)

Generally supplied as a colorless to pale yellow liquid
containing 52% to 96% HNO, weight for weight (w/w).

impurities than liquid caustic. When regenerating pol-
ishing mixed bed demineralizers and high-purity water
treatment units, the use of purified grades of caustic
soda may be required.

Weak Base Anion
Minimum
Specifications, mg/L

Strong Base Anion
Minimum

Constituent Specifications, mg/L

Constituent Minimum Specification Chloride (C1) 3500 7000
Nitrous okides 10 mg/L Carbonate (CO,) 5000 6000
Iron (Fe) 5mg/L Chlorate 1 1
Chloride (C)) 5mg/L Sulfate (SO,) 1500 2500

Silica (Si0;) 50 300
CAUTIQN: Nitric acid is an extremely strong oxidiz- Iron (Fe) 10 10
ing agerft and can react violently with organic materi- Mercury (Hg) 0.1
als. For fhis reason, c?ncentrated I‘lltl‘l.C acid must not Arsenic (As) 0l o1
be allowed to contact ion exchange resins. ) )

Metallic impurities such as iron and nickel and free Nickel (N 1 2
chlorinel must be avoided because they speed up haz- Lead (Pb) 1 2
ardous dxidation processes. Copper (Cu) 0.5 0.5

'Contar.t between anion exchange resins ar'ld nitric Magnesium (Mg) 50 50
acid at lany concentration above 1% w/w is to be i
avoided|at all times. Nitrate form resin is a potential Calcium (Ca) 25 40
explosion hazard — likely to explode at elevated tem- Aluminum (A 5 10

peratures, especially if in contact with nitric acid at
any confentration. For use with cation exchange res-
ins, a mpximum concentration of 6% HNO, w/w at a
maximufm temperature of 20°C is advised.

This quality of acid is suitable for both cocurrently
and coutercurrently regenerated units.

I-5 SQDIUM HYDROXIDE (NaOH) — CAUSTIC SODA

Generplly supplied as liquid contaifiing 32% to 50%
NaOH veight for weight (w/w) butymay also be fur-
nished ifp solid forms as flakes, péllets, or blocks at 100%
NaOH w/w.

The product formerly déscribed as “rayon grade,”
containing low amounts-0f-impurities and produced by
the merdqury cell progess, is no longer available because
of envirpnmental gestrictions. Caustic soda produced
by other| processes, and containing high concentrations
of chlorptes.and competing anions such as sodium
chloride| and-sodium carbonate is not recommended

This quality of caustic stated for strong base anior| res-
ins is suitable for both cocurrently and countercurr¢ntly
regenerated units.

I-6 SODIUM CARBONATE (Na,CO,) — SODA A5H

Generally supplied as a white, anhydrous powder
containing 98% to 100% Na,CO, weight for wdight
(w/w).

The water soluble impurities that normally are fqund
are generally of no importance. Sodium carbonate golu-
tion can be used for the regeneration of weak base aphion
resins.

Constituent Minimum Specification, mgyL

Chloride (Cl) 1500
Sulfate (SO,) 150
Iron (Fe) 10

for rege eration-of-strona base anion DVF]’\QY‘ISD resines

Caustic soda manufactured by this process may contain
3% to 18% w/w NaCl, which affects the regeneration of
strong base anion resins. For example, if the caustic soda
contains 2.5% NaCl, the loss of operating resin capacity
to be expected for a Type I strong base anion resin is
about 2% and for a Type II strong base anion exchange
resin is about 5%.

The loss due to sulfate contamination is even greater.
Caustic soda supplied as a solid generally contains more
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-7 AMMONIA (NH,) OR AMMONIUM HYDROXIDE
(NH,OH)

This is generally supplied as a solution of NH,OH
containing 20% w/w NH, or liquid ammonia gas in high
pressure cylinders. Impurity levels are generally very
low and of no consequence in ion exchange applications.
Ammonia of this quality is suitable for regeneration of
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weak base anion resins or for converting strong base
anion exchange resins to the ammoniated form.

I-8 RECOVERED REGENERATION CHEMICALS

Because of the interest and need to reduce or elimi-
nate plant waste discharges, it is sometimes desired
to reclaim, recycle or reuse regenerant solutions or to

utilize waste chemicals from a plant process stream as
ion exchange resin regenerant solutions. Before making
such a decision, it is necessary to fully analyze the waste
chemical to determine the nature and concentration of
any impurities that might affect the condition and/or
performance of the resin. Some impurities might com-
pete for the ion exchange sites and reduce capacity,
while others may attack the resin itself.
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MANDATORY APPENDIXII
SUSPENDED IRON OXIDE SOLIDS: MEMBRANE
COMPARISON CHARTS

At this time, standard comparison charts for black
iron oxidle, hydrated iron oxide, and mixtures thereof,
are cominercially available from the Babcock & Wilcox
Companly, Barberton, OH.

II-1  MAGNETITE STANDARD CHART

This procedure describes the preparation of black
iron oxide (Fe,O,) and deposition of the iron oxide on a
0.45 pym membrane filter.

(a) Adld 0.1382 g of Fisher (I 119) black iron oxide
powder|(Fe,O,) to clean a 2 L beaker. Add 1 L of
reagent grade water. This solution contains 100 ppm
iron as Hel.

(b) Stfr vigorously (30 min) with a glass stirrer and
stirring notor suspended above the beaker.

(c) Wjthdraw a 100 mL representative aliquot and
dilute to|a liter with reagent grade water (10 ppm Fe).

(d) Adld this solution to a clean 2 L beaker and stir
vigorougly as above for 30 min.

(e) W]thdraw a 100 mL representative aliquot and
dilute tofa liter with reagent grade water (1.0 ppm:Fe).

(f) Adld this solution to a clean 2 L beaker“atd stir
vigorougly as above for 30 min.

I-1-1 P

Take an aliquot, as desired, while the solution is being
stirred apd filter through a 0.45\um, Type HA, 47 mm
diametef filter paper. Use the Hydrosol Stainless Filter
Assembly and Millipore (otéquivalent) pump for filter-
ing (assgmbly, pump, and-filters are available through
Millipor¢ Corp.) The(sizé of aliquots taken will depend
on the dpsired amount of iron deposition equivalent to
that accymulatédfrom a 1L throughput of sample water
to the filfer?

ocedure for Membrane Stain/Preparation

If an iron analysis of the stain on the filter ‘pappr is
desired, the paper should be treated as follaws:

(a) Place paper disc in a 150-mL beaker and
10 mL of reagent grade water, 2 mL perchloric acid, 2
sulfuric acid, and 2 mL nitric acid.

(b) Take the solution almostto ‘dryness (less
0.5 mL on a hot plate in a hood capable of hand
perchloric acid fumes). In.taking the solution to [dry-
ness it should be colorless?lt is sometimes necessaty to
add more nitric acid,dropwise until the solution Joses
its black color due tOjthe presence of organic matefial.

(c) When thesolution has been concentrated to [dry-
ness, cool, andyadd for convenience of handling 30 mL of
reagent water'and 5 mL hydrochloric acid.

(d) Bting the sample to a boil and digest for 5 mih.

(e) Allow the sample to cool and dilute to a suitabld vol-
umein a volumetric flask. Determine the iron content cplor-
imetrically by bathophenanthroline (ASTM D1068-10)

add
mL

than
ling

11-2 HYDRATED IRON OXIDE CHART

This procedure describes the preparation of hydrated
iron oxide (Fe,O; X XH,O) and deposition of the [iron
oxide on a 0.45 pm membrane filter [Notes (1) and () of
para. II-1-1 for the magnetite chart apply].

(a) Hydrated iron oxide (Fe,O, X XH,O). Disgolve
0.7022 g of ferrous ammonium sulfate Fe(NH,), (SO}), X
6H,0] in approximately 500 mL of reagent grade whter.

(b) Add 20 mL of sulfuric acid (H,SO,) specific grav-
ity 1.84 and 10 mL of 30% hydrogen peroxide (H}O,).
Heat to boiling. Maintain slow boiling for 30 min to
ensure complete oxidation.

(c) Cool the solution to ambient temperature
dilute to a liter with reagent grade water (100 ppm

(d) Dilute 100 mL of the above 100 ppm Fe soluti
a liter with reagent grade water (10 ppm Fe).

and
Fe).
n to

1Reagentgrade chemicalsand reagentgrade water (ASTM D1193-06)
are used for this method. Use care to avoid iron contamination from
glassware and apparatus used in this method.

2This procedure is intended for membrane stains up to 100 ppb
iron (Fe). To obtain higher concentration, the iron concentration
must be increased. Check the concentration to determine that it
is precisely 1.0 ppm by analysis using the bathophenanthroline
method for iron (ASTM D1068-10).
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\C) Tlclllbi‘tfl 100 lllL Ulr llllc 10 PlJlll FC bUlu'liUll to a
liter beaker and adjust the pH to 10.5-11.0 using 1.0 N
sodium hydroxide (NaOH). Dilute to a liter with rea-
gent grade water (1.0 ppm Fe).

(f) Transfer this 1.0 ppm Fe solution to a 2 L beaker
and stir vigorously with a glass stirrer and stirring
motor suspended above the beaker. Cover the beaker
with plastic wrap to prevent contamination.


https://asmenormdoc.com/api2/?name=ASME PTC 31 2011.pdf

ASME PTC 31-2011

11-2-1 Procedure for Membrane Stain Preparation

Take an aliquot, as desired, while the solution is
being stirred and filter through a 0.45 pm, Type HA,
47 mm diameter filter paper. Use the stainless steel
filter assembly and pump for filtering. The size of ali-
quots taken will depend on the desired amount of iron
deposition equivalent to that accumulated from a 1 L
throughput of sample water to the filter.

hydroxide (NaOH). Dilute to a 1 L solution using
reagent grade water (100 ppm Fe). This solution is to
be combined later with the black iron oxide (Fe,O,)
solution.

(d) Add 0.1382 g of Fisher (I 119) black iron oxide
powder (Fe,O,) to a clean 2 Lbeaker. Add 1 L of reagent
grade water. This solution contains 100 ppm iron as
Fe.

(e) Combine the solutions in a clean 3 L beaker and

11-3| MIXED HYDRATED OXIDE: MAGNETITE 1:1

STANDARD CHART

This procedure describes the preparation of a mixture
of irpn oxides (Fe,O, X XH,O and Fe,O,) and deposition
of the oxides on a 0.45 pm membrane filter'? of para.
II-1-l for the magnetite chart apply].

(a) Hydrated iron oxide (Fe,O, X XH,O). Black iron
oxide (Fe,O,) mixture 1:1. Dissolve 0.7022 g of ferrous
ammonium sulfate [Fe(NH,), (5O,), X 6H,0] in 500 mL
of rdagent grade water.

() Add 20 mL of sulfuric acid (H,SO,) sp. gr. 1.84,
and [20 mL of 30% hydrogen peroxide (H,O,), and heat
to b¢iling. Maintain boiling (slowly) for 30 min to ensure
complete oxidation.

(c) Cool the solution to ambient temperature
and|adjust the pH to 10.5-11.0 using 1.0 N sodium

stir-vigorousiy-for30-minwith-a-glassstirrer-angl stirring
motor suspended above the beaker. Cover'the beaker
with plastic wrap to prevent contamination.

(f) While vigorously stirring, withdraw a 100 mL rep-
resentative aliquot and dilute to 2 bwith reaggnt grade
water (5 ppm Fe solution).

(g) Transfer this solution to’a.cléan 3 L beake
vigorously for 30 min.

Fand stir

11-3-1 Procedure for Membrane Stain Preparatjon

Take an aliquot, ag*desired, while the solutior} is being
stirred and filtersthrough a 0.45 pm, Type HA| 47 mm
diameter filt€yr paper. Use the stainless steel filtgr assem-
bly and pdmp for filtering. The size of aliquots taken will
depend of the desired amount of iron depositiofn equiva-
lent to\that accumulated from a 1 L throughput gf sample
water to the filter.
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