The present invention is in the technical field:of boiler
in particular the detection of |eakage in a boiler syste
vessel i7n which water is vapori zed into steam by the appl i catloﬁEB
typi cal »f“on a continuous basis. The steamggenerated is
ei t her és a di'rect” or indirect heat ‘transf medi um and/or to
electrid power. High pressure and/or high capacity boilers generally
wat er-tube boilers in which water is circulated within tubes and the

appl i ed heat (conbustion products such as flane and hot conbustion gases)
flows across the outside of the tubes. Sone of these water tubes may
conprise the walls of the furnace in which the heat-generating conbustion
occurs. Most wHESECTifbe8F AIEBKAGE ket BOIUERr SYSIEMace and therefore | eakage in
a boiler systemcan be

The present invention is in the technical field of boiler maintenance, and in particular the

detection of leakage in a boiler system.

A boiler is a vessel in which water is vaporized into steam by the application of heat,
fypically on a continuous basis. The steam generated is most often used cither as a direct or
indirect heat transfer medium and/or to generate electric power. High pressure and/or high
cafabify ﬁoilcrs generally are water-tube boilers in which water is_. circulated within tubes and the

- applied heat (combusﬁonpg_?dﬁcts such as flame and hot combustion gases) flows actossl the
outside of the tubes. Some of-'ht;. water tubc;s may comprisc the walls of the furnace in which
the heat-generating combustion occurs.

“"Most water tubes are in the boiler ﬁxmice and therefore leakage in a boiler system can be
;-vcry grave matter. For instancn_:,'thc scrioﬁs risk of smelt/water explosions caused by leakage
in rccovcry boilers is well recognized in the pulp and paper industry, and industry-wide efforts
seeking ways to reduce the ﬁsic are on-going. Such goal is of significant interest to recovery
boiler manufacturers, insurers and pulp mills which operate recovery boilers which burn organic

liquors having high caustic levels. Explosions caused by leakage is not 2 concern for power
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a very grave matter. For instance, the serious risk of snelti/lwater

expl osi ons caused by | eakage in recovery boilers is well rﬂ"cgg,@igrq;tﬂmghé&\;h

pul p and~paper industry, and industry-wi de efforts seeking|ways kepLAUEDE
the risk are on-going. Such goal ts of S|§h|f|cant i nteres
boi | er qpnufacturers insurers and pulp mlls which operate recovery
boi | ers Which burn organic |iquors having high caustic | evels. Explosions
caused by | eakage is not a concern for power boil ers which burn oil or
nat ural gas, because |eaking water will just flash to steam but
nonet hel ess | eakage decreases boiler operation efficiency and increases
boi | er nmaboitesshich turs b or natural gas, because leaking water will just flash to steam, but
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_ponetheless leakage decreases boiler operation efficiency and increases boiler maintenance costs,
and thus leak detection is desirable. A primary leakage concem for boilers in the chemical
émccss industry is contamination of process streams, for instance in ammonia production plants
_having an ammonia stream on one side of the boiler wall. The nuclear power generation
industry has a serious need to avoid boiler-water leakage because fluids with a high radioactive
* contamination level are under high pressure and a leakage could spread such contamination
outside of the initial containment.
Many technologies have been and are currently being developed for detecting boiler
_ water leaks, particularly furnace-water-wall leaks, at the earliest possible moment. These
technologies include the use of steam drum level control_; éomputcr algorithm, and others.
Among the recently developed technologies for early leak detection is the use of sodium ion
concentration to detect tube leaks (balancing the ;odium ion mass between the boiler feedwater
- . and blowdown), but the sensitivity of the sodium-specific electrode is affected by pH among
other feedwater variables. Some boiler operators are currently using complex computer systems
in attempts to use boiler operating data for leakage detection with intricate calculations.
A leak detection method of greater sensitivity is needed, because the early detection of
leaks requires detection of an extremely small_yater loss from a dynamic water system. A leak
detection method of great sensitivity must be independent of chcmical species that might be
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and thus | eak detection is desirable. A primry |eakage~EQQQ§LH*LQE:5QL+EfS
in the chenical process industry is contamnation of pr §S§EF¢QWESBEEN
instance in ammoni a production plants having an_anmmoni ajistTeaggppaCeER sid
of the boiler wall. The nucl ear powef ge ration indust

need to avoid boil er-water |eakage because fluids with a hi gh radioactive
contam nation | evel are under high pressure and a | eakage coul d spread such
contam nation outside of the initial contai nment. Many technol ogi es have
been and are currently being devel oped for detecting boiler water |eaks,
particularly furnace-water-wall |eaks, at the earliest possible nonent .

These techno eauﬁﬁ?hs”@ﬁn ?,qﬂgheaﬁﬁad?ﬁg{ otthe! . conputer
al gorPf"ﬁ?ﬂ hﬂoﬁ nong e recént y deVvel ope echnol ogies for early

| eak 33&&%'1:%2:. g’u&e&' ge&lpghs%fer gtooqilerrpeéh?uqus used to purify the feedwater prior to
introduction into the boiler.
It is an object of the present invention to provide a boiler-tube leak detection method of

great seasitivity that is both cost efficient and relatively slmplc to operate , especially
in detecting an extremely small water loss from a dynamic

. poiler water system, and is independent of quality variations

| in boiler feedwater, and thus is independent of the operational
efficiency of techniques such as the demineralizer, mixed bed
polisher or other used to purify the feedwater prior to

introduction into the boiler.

iscl f the Inventi
; | The present invention provides a method of determining leakage from a boiler water
system wherein steam is generated from the feedwater fed to the boiler, and the concentration of
impurities in the boiler water is reduoéd by withdrawing fractions thereof as blowdown while
admitting additional feedwater as Eoiler-water makeup. Such a boiler hasa concentration cycle

value, which is the value of the average concentration ("C,") of an inert component in the
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the boiler feedwater and bl omdown), but the sensitivity
sodi umspecific electrode is affected by pH anong ot her
vari abl es. Some boiler operators are curdently using co v
systens in attenpts to use boiler operating data for |eak#&ge detection with
intricate calculations. A leak detection nmethod of greater sensitivity is
needed, because the early detection of |eaks requires detection of an
extrenely small water loss froma dynamic water system A |eak detection
met hod of great sensitivity nmust be independent of chem cal species that
me hxgorgil blowdown at steady state divided by its concentration ("C,") in the feedwater. The

concentration of the inert component in the boiler at steady state varies from a high
concentration "Cy ", having a value that is higher than Cp, to a low concentration "C,", having a
value between the (C)) and the (C;), within a time period A. This method is comprised of the

following steps:

—

1. Employing as the inert component an inert tracer added to the feedwater-at a rate
. equivalent to a known concentration (C 1) of said tracer in said feedwater;
2. Sensing a characteristic of the inert tracer in the boiler at steady state equivalent to its
concentration in the boiler water;
3. Converting the sensed characteristic to a value equivalent to the concentration of the
inert tracer in the boiler water;
4. Optionally recording the cyclic concentration fluctuation from C; to C;, of the inert
tracer in the boiler water; and o |
5. Activating ‘a signal when a variance in the cyclic concentration fluctuation of the

" inert tracer occurs that is consistent with, and thus indicative of, a leakage of boiler water.

The concentration of the inert tracer in the boiler at any point in time is determined from the

concentration of the tracer in a sidestream that taps the boiler water, which preferably is a
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. This Sheet

Wi



3 present in boiler feedmater I n anount s varylng with the operation... S———
efficiency of the deni neral i zer, nixed bed pol i sher or onher”ti
used to purify the feedwater prior to introduction into
an object of the present invention to fyovide a boiler-t :
met hod of great sensitivity that is both cost efficient and rel atively
" sinple to operate, especially in detecting an extrenely small water |oss
froma dynam c boil ér water system and is independent of quality
variations in boiler feedwater, and thus is independent of the operational
efficiency of techniques such as the dem neralizer, m xed bed

sidestream off the blowdown linc and which preferably taps the boiler water on a continuous
basis.

There are a plurality of indicators of the occurrence of a variance in the cyclic
concentration fluctuation of the inert tracer consistent with a leakage of boiler water, and a given
boiler may be monitored for one or more of such variance indicators.

In a preferred embodiment of the present invention, the variance indic#mr is an inert

" tracer concentration in the boiler that has 2 valuc less than that equivalent to the normal low C,,
concentration of the inert tracer, for instance an inert tracer concentration of C,-C,, , preferably
wherein C,, is at least about 5 or 10 percent of C,, and thus signal activation occurs when the
tracer concentration in the boiler falls to 90 or 95 percent of its normal lowest concentration.
Such a variance indicator is not time dependent and a condition consistent with water leakage -
from the boiler is indicated whenever such a variance indicator occurs.

In another preferred embodiment of the present invention, the variance indicator is an
inert tracer concentration in the boiler that fails to reach the normal high C;; concentration within
a set time period, referred to herein as time period B. That time period B could be set at about
twice that of the time it normally takes for the concentration of the inert tracer to reach the Cy
concentration from the C; concentration, which normal time frame is referred to herein as time
period A, and is about ane-half of a complete inert tracer concentration cyclc.. In a preferred

embodiment such a variance indicator is monitored in a boiler with open/close blowdown valve
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*'polisher or other used to purify the feedwater prior to int O
the boiler. Disclosure of the Invention The present inventi §nme@HEER
met hod of determ ning | eakage froma boiler water system whdrein BERK
generated fromthe feedwater fed to tk@ boil er, and the con on of
impurities in the boiler water is reduced by wthdrawi ng fractions thereof
as bl ogwdown while admtting additional feedwater as boiler-water nmakeup.
Such a boiler has a concentration cycle value, which is the value of the
average concentration [err] of an inert component in the

operations, and the time period B is measured from the closing of the blowdown valve, shutting
off the normal blowdown flow, to the time at which the blowdown valve would normally
reopen. In such a boiler the time period B would be about equivalent in length to time period A.

In many large boilers the blowdown valve is normally open and the blowdown rate
would not normally fall to zero. Instead the blowdown valve adjusts the blowdown rate
depending upon some indicated impurity build-up within the boiler, which indication may be
based on concentration readings of an inert tracer in the boiler as it fluctuates between Cy and
C.. When the incrt tracer concentration in the boiler that has value less than that equivalent to
the normal low C, concentration of the inert tracer, for instance an inert tracer concentration of
C.-C,, , preferably wherein C,, is at least about 5 or 10 percent C,, the normally-open blowdown
valve would close in response to such a reading. If the tracer monitoring apparatus is ahead of -
the blowdown valve,’ the analyzer would see a tracer concentration while a flow meter
downstream of the blowdown valve would see no flow, and the combination of conditions would
be consistént with a boiler leak. If instead the tracer monitoring apparatus is downstream of the
blowdown valve, the analyzer would see no tracer concentration and that condition would be
consistent with a boiler leak.

In another preferred embodiment the variance indicator in the normal fluctuation in the
inert tracer concentration in the boiler between Cg and C, would be compared to another

operating parameter and the potential boiler water leakage signal would be activated only when
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4 hormal bl owdown at steady state divided by its concentr at+=sff
feedwater. The concentration of the inert conponent in j}hetbdiFe E?éD St ea
state varies froma high concentration [err], having a yal ue & ;
than [err], to a | ow concentration [er7], having a valu en the [err]
and the [err], within a tinme period A" This nethod is conprised of the
followng steps: 1. Enploying as the inert conponent an inert tracer added
to the feedwater at ‘a rate equivalent to a known concentration J[err] of
said tracer in said feedwater; 2. Sensing a characteristic of the inert
tracer in the boiler at steady state equivalent to its

e

an imbalance in such other operating parameter is also seen. The inert tracer variance indicator
pmfcrably would be cither the detection of an inert tracer concentration value less than that
equivalent to its normal low G, concentration of the inert tracer, for instance an inert tracer
concentration of C;-C,, , preferably wherein C,, is at least about 5 or 10 percent Cy, or an inert
tracer concentration in the boiler that fails to reach the normal high Cy concentration within the
set time period B. Such a variance indicator would be compared, for instance, to the balance in
". the steam load determined from flow signals. In this embodiment, an imbalance between the
rate feedwater is flowing into the boiler and the rate steam is.being discharged therefrom must
be seen by the monitors at the same time a variance indicator in the normal fluctuation of the
inert tracer concentration indicates a leak before a signal is activated. In another embodiment,
the other operating parameter is the holding time index. If an imbalance is seen between the -
holding time index and the caiculatcd blowdown rate at the same time a variance indicator in the
normal fluctuation of the inert tracer concentration is detected, then the combined conditions

indicate a leak and a signal is activated

Brief Description of the Drawi
FIGURE 1 is a boiler system comprised of a boiler, a feedwater line, a steam line, and a

blowdown line shown in diagrammatical form.

-
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]Ef;centration in the boiler water; 3. Converting the sen ]
‘to a val ue equivalent to the concentration of the inert t QHEEfHéSB E
boiler.water, 4. Optionally recording the cyclic concentr tlonﬁﬁ
from[err] to [err] of the inert tra in the boiler wat
Activating a signal when a variance in the cyclic concentration fluctuation
of thesinert tracer occurs that is consistent with, and thus indicative of,
a | eakage of boiler water. The concentration of the inert tracer in the
boiler at any point in tine is determ ned fromthe concentration of the
tracer in a sidestreamthat taps the boiler water, which preferably is a

FIGURE 2 is instrumentation for continuously monitoring an inert tracer in the boiler
and feedwater of a boiler shown schematically.

FIGURE 3 is a graphical hypothetical performance record involving continuous
monitoring and cycles of a boiler.

FIGURE 4 is a graphical hypothetical continuous register printout for verifying whether

the cycles value of a boiler is proper.

Preferred Embodiments of the Invention

A boiler cycles of concentration is an operating parameter that is either well monitored, }‘
or should be well monitored. Limits on boiler cycles of concentration, so as to limit the
maximum impurity concentration within a boiler, are routinely set by boiler and turbine -

manufacturers, water treatment companies and the industrial plants employing the boilers. Such

P

limitations are intended for, and are generally necessary to, the avoidance of serious scale
formation/deposition despite an otherwise adequate water treatment program. Boiler feedwater,

which normally is comprised of both makeup water and recirculated condensate water, contains

e e —— or. o "

some impurities regardless of the extent to which such waters are treated before being fed to a
boiler. When steam is generated, substantially pure H,0 vapor is discharged from the boiler,
leaving the impurities (the dissolved and suspended solids) behind, which increases their

Concentration in the boiler water. The discharged steam is replaced by contaminant-containing
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5 sidestreamoff the bl owdown Iine and which preferabl_y taps the boi | e

inert fracer consistent with a |l eakage of boiler water, gven —bei
may be nonitored for one or nore-.‘of sufnh variance indicators.
prefereed enbodi nent of the present invention, the variance indicator is an
inert tracer concentration in the boiler that has a value | ess than that
equi valent to the normal |ow CL

fecdwater. An ever increasing concentration of dissolved and suspended solids in the boiler
water would inevitably result in very serious problems, including deposit formation, corrosion, _
foaming and carryover, decreased heat transfer efficiency, boiler tube failure or ‘occlusion, and
the like. Boiler-impurities concentration (boiler solids concentration) is offset__by withdrawing
water as normal blowdown. The heat energy in the normal blowdown, however, is a major
factor reducing a boiler's thermal eﬂi;:iency, and therefore a blowdown rate in excess of that
required to limit solids concentration is preferably avoided. An excessive blowdown rate also
unnecessarily increases water costs.

The ratio of solids concentration in the normal blowdown to the solids concentration in
the feedwater is called the "cycle value”, "cycles of concentration”, "concentration cycles” or
"cycles” of a boiler operation. If a boiler is being operated on too low of a concentration cycle,
the blowdown rate is too high.and the operation is unnecessarily inefficient. The excessive loss
of heat with the excessive blowdown decreases thermal efficiency and water costs increase at the
same time. If a boiler is being operated on too high of a concentration cycle, the blowdown rate
is too low and the potential for solids-derived problems, such as scale deposit and corrosion, is
great. Thus the cycles of concentration is preferably one of the primary operating parameters
monitored.

The method of the present invention may include the monitoring of a boiler operation’s

cycles of concentration. U.S. Patent No. 5,041,386, Claudia C. Pierce, Roger W. Fowee, and
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concentration of the inert tracer, for instance an iner
concentration of [err], preferably wherein CDis at le ﬁ}ﬂ@QHEFBFG§E%§N
percent of CL, and thus signal activation occurs when the tramﬁ?‘P““D
concentration in the boiler falls to ?Q)or 95 percent o s HOTITAl | oWest
concentration. Such a variance indicator is not tinme dependent and a
condition consistent with water | eakage fromthe boiler is indicated
whenéver such a variance indicator occurs. In another preferred enbodi nent
of the present invention, the variance indicator is an inert tracer
concentration in the boiler that fails to reach the normal high [err]
concentration within a set tine period, referred to herein as tine period
B. That J¢hnEpHoptsdissnehAngnsh20,sk991qincorpetatedtheraintottiysefeesmee,idisclasesethe use of
normal |y takes for the concentration of the inert tracer to reach the [err]
concent r grierbwaderoto monitdrebioiler conveatritiont cyoles. Bbﬂerrcynhs anel calculaeedfbyasddingan
referred to herein as tinme

inert tracer to the feedwater being charged to the boiler in a known concentration, and then

determining an analog of its concentration in the normal blowdown. If the cycles value does not
compare to the standard operating value, which may be the cycles value proposed by the boiler
manufacturer or set by the operator or suggested by v‘vater-treatmcnt supplier, then the
blowdown rate and/or the dosage of water-treatment agent can be adjusted. The inert tracer
preferably is employed to determine the cycles (impurity or contaminant concentration within
the boiler water) on a continuous basis. The inert tracer may be used for other purposes, such as
the determination of percent holding time (half-life time), as a reference standard in the
monitoring of concentration of water-treatment agent concentration level, and the like,
concomitantly with the cycles determination.

Boiler cycles (cycles value, cohccntmtion cycles, cycles of concentration and the like) as
such terminology is used herein, as understood generally in the boiler field, is the ratio of the
concentration of a particular impurity or component ("IMP") in the normal blowdown at steady
state (final concentration or "C.") to its concentration in the feedwater (initial concentration or

"C,"), which ratio is determined from the following Formula I:

- -~
~

Formulal cycles = (C)AC) or stead ¢ normal blow ncentration of [
feedwater concentration of IMP
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period A, and is about one-half of a conplete inert tracer concentration
cycle. In a preferred enbodi nent such a variance indicator is nonitored in
a boiler with open/close bl owdown val ve 6 operations, and the tine
period B is neasured fromthe closingfﬁf t he bl omdown val ve, shutting off
t he normal bl owdown flow, to the tine d whi ch the bl owdown val ve woul d
normal by reopen. In such a boiler the tine period B woul d be about
equivalent in length to time period A In many | arge boil ers the bl omdown
valve is normally open and the bl owdown rate

and the value, which is an equilibrium value, yill always be greater th;n one since the impurity
:IMP in the normal blowdown is always more concentrated than in the feedwater due to water
- removed as steam. (Upsets in feedwater quality of a magnitude su;’ﬁcient to lower the cycles
value to less than one are not tolerable in the boil_er field and would never occur outside of a
major boiler operation failure.)
In the process of the present invention, the inert tracer is the "impurity" or “IMP" of
: Formula I above, and the acronym "IT" for "inert tracer” can be employed in substitution for the
- "IMP" designation. The present invention exploits the phenomenon that in any practical boiler
- system operation the C, is not an absolute constant and the cycles value assigned to a boiler
. operation is based on an average value of G, and thus the present invention goes farther than the.
determination of the cycles value and need not include a cycles value determination. Moreover,
for purposes of the present invention the inert tracer is to be introduced into the boiler system in
a known and uniform _propox_tion to the feedwater, and it is preferably, but not necessarily,
introduced into the boiler system as a component of the feedwater in a known and constant
concentration with respect to the feedwater.
Intermediate and high pressure boilers have heat transfer rates in excess of 100,000
Btw/ft’-hr (2,500 cal/m’-hr) and the presence of an even extremely thin deposit layer within the

boiler would cause 2 serious elevation in the temperature of the tube metal. Therefore the
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woul d not nornmally fall to zero. Instead the bl owdown valvé{§g3u5E§¥ﬂ¥kﬁtEN
bl owdown rate dependi ng upon sone indicated inpurity buily-up VREMIACED)
‘boiler, which indication my be based ogxagncentration r el nInert
‘tracer in the boiler as it fluctuates b en [err] and CL. When the inert
tracer concentration in the boiler that has value |ess than that equival ent
to the normal |ow CL concentration of the inert tracer, for instance an
inert tracer concentration of [err], preferably wherein [err] is at |east
about 5 or 10 percent [err], the nornmally-open bl owdown val ve woul d cl ose

inres mm:&%]m s Gerly ?E%li agg 5.4 yéerﬁﬁl?edtdbﬁ%’iraﬁmbf iniduriicS RRAdBddSwitib thahead

of the bl owdo val ve, er would see a tracer concentration while

o B9 VRS RS RS R o 1

instead the tracer nonjtoring,a ratus is dQwnstre t he . .
constant steam gcncrat{on emagds. %ﬁen the cycles values of su&n g{crs are monitored with

the inert tracers disclosed in U.S. Patent No. 5,041,386, which do not appreciably carry over into
the stecam, and which can be selectively detected at very low concentrations (for instance 0.005
ppm or less), it has been found that in a given boiler system not only can the average cycles

! value be determined from the average C;, but the normal range of the C; fluctuation can also be
determined and a variance therefrom detected. This can also be done for boilers that are not
intermediate or high pressure boilers. (The only boiler operation parameters that may exclude
the use of some of the preferred embodiments of present invention are pressures in excess of
1,800 psig, which pressures may lead to decomposition of the presently preferred sulfonated
naphthalene and sulfonated pyrene inert tracers that are described below.)

The process of the present invention, as mentioned above, preferably activates a signal
when such an excursion from the normal range of the C; fluctuation is detected. The variance
indicators discussed above also represent a drop in the normal actual cycles value range (the
actual cycles value fluctuates with the fluctuation of C, ), a drop in the normal average cycles
value and a drop in the normal average C, after reaching a steady state. Such changes, without
any accompanying change in the boiler steam load (these boilers are normally at constant mass

flow rates) indicate a leak.

_—
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bl owdown val ve, the anal yzer would see no tracer concentr ag+en
condition would be consistent with a boiler leak. In anothg
enbodi nent the variance indicator in the normal fluctuatio
tracer concentration in the boiler between [err] and [err]
conpared to another operating par arretel’l&d the potential boiler water

| eakage signal woul d be activated only when 7 an inbal ance in such other
operating paraneter is also seen. The inert tracer variance indicator

The process of the present invention in an embodiment preferably comprises a
continuous monitoring of the concentration of an inert tracer in a boiler using an inert tracer |
introduced with the feedwater. The continuous determination of the inert tracer concentration in
the boiler detects any variance indicator in its fluctuation of the inert tracer between the normal

.C, and C,, and any drop below a setpoint, which setpoint is predetermined based on the normal
fluctuation of the inert tracer between Cy and C, of that boiler, activates a leak-alert signal, The
boiler operator is thereby alerted to the significant potential that a leak is occurring, and can
activate and/or focus on other system checks and/or inépoctions (for instance of the firebox
and/or ashpit) to confirm and/or locate the leakage.

Steady state as such terminology is used hefein, as understood generally in the boiler
field, is the condition that exists when the concentration of the inert tracer (or other stable
substance introduced into the boiler with the feedwater) in the water of the boiler system reaches
a uniform, repetitious cycling fluctuation of the inert tracer from a predictable high
concentration (Cy ) to a predictable low concentration (Cl), which state is reached when the

+ transient conditions arising at the start of the inert traccr | feed to the feedwater have become
. negligible. For purposes of the present invention, a boiler can be considered operating ata
3 steady state with respect to the inert tracer when there is no significant change in the fluctuation
'é‘f'of the inert tracer between Cy and C;, of the concentration of the inert tracer in the boiler and no

significant change in the blowdown rate, the feedwater rate, the rate of feeding the tracer to the

—_—
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preferably would be either the detection of an inert trace =
val ue less than that equivalent to its normal low [err] co c BAISrSHEETHAS BEEN
the inert tracer, for instance an inert tracer concentrati¢n of REPEACED !

preferably wherein [err] is at |east aboql or 10 percent CL,  or am Tmert
tracer concentration in the boiler that fails to reach the normal high
[err] eoncentration within the set tinme period B. Such a variance indicator
woul d be conpared, for instance, to the balance in the steam | oad
determned fromflow signals. In this enbodi ment, an inbal ance between the
rate feedwater is flowing into the boiler and the rate steamis being

di scharged therefrom nust bg seen the nonjtors at e sa tine a,

vari ance {PRUFL(SF GPNGERiralpn ?Mmﬁg{vj%g‘&t%ﬁ %T'“FP@‘%Q\‘F‘Y‘{I‘SGE? steaming rate
concentration indicates a | eak before a signal is activated. In another
embodi nentin the)abssneeof boiler loakagg. The loss pEwaler duere 2eakeprnean benonsidersda | f an

i mhal ance i s seen between the
disruption of the steady state that has been reached. To detect a boiler leakage employing the

present process, a stcady state as to inert tracer concentration must first be reached, and the C,
jand/or Cy values or values proportionate thereto, determined.

Blowdown, as such terminology is understood generally in the boiler field, is water
discharged from a boiler system. A sidestream that continuously taps the boiler water for a
continuous monitoring of tracer concentration within the boiler would be considered blowdown
under this broad definition. Water that leaks from a boiler system would also be considered
blowdown under this broad definition. To avoid any confusion of terminology, and to assure
that all blowdown streams are precisely defined, the term "normal blowdown” is used herein =~ .
when water loss from a boiler leak is excluded. At the time of its discharge, the normal
blowdown and any other blowdown stream have the same composition(s) as the water retained
within the boiler system at that time. The stream of water from a boiler that is monitored for
purposes of the present invention may be, for instance, a sidestream off a constantly-flowing
ilormal blowdown stream. Such monitored boiler-water stream also may be a stream from a
_éeparate boiler outlet, or a sidestream from the blowdown line ahead of the blowdown valve in a

boiler having an intermittent normal blowdown flow. In any of such instances the monitored

-
This Sheet Has eplaced

I

~



£ s

hol ding time index and the cal cul ated bl owdown rate at the_same tipe
variance indicator in the normal fluctuation of the inert |{{ HageBEHEET HAS BEEN
concenttation is detected, then the conbined conditions inglicat maﬁﬂﬁébﬁo and |

a signal is activated Brief Description he Draw ngs FlI
boil er system conprised of a boiler, a feedwater line, a steamline, and a
bl owdowh |ine shown in diagranmatical form 8

stream is a part of the "normal blowdown" as defined above, being in all instances intentional
and of a generally known rate.

The high concentration Cy of the inert tracer in a boiler for 2 uniformly cycling boiler
system is higher than the average C, of the normal blowdown, and of course is determined when
a boiler-water sidestream is monitored for the concentration of the inert tracer in the boiler. The
low concentration C, of the inert tracer in the boiler is lower than the average C; of the normal
blowdown but, since the boiler wafer is never entirely repl.aced with feedwater during cycling, it
is never as low as C;.

As mentioned above, the leak-detection function of the present process can be activated
only after a steady state as to the inert tracer has been reached. The time required for reaching
such steady state after a uniform dosage (feed rate) of inert tracer has begun can be calculated

from the following Formula II:
Formulall t = -(M/B)In(1-C/Cy)

wherein M is the mass of the boiler water (in Ibs), B is the normal blowdown rate (in lbs/hour),
C, is the concentration or average concentration of the inert tracer in the normal blowdown after
steady state is reached, and C, is the concentration of the inert tracer in the normal blowdown at

time t. The M/B factor is a constant (boiler constant "K") for a given boiler operating under a

.\
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FIGURE 2 is instrumentation for continuously nonitoring an_inert tracer—in—
the boiler and feedwater of ‘a boiler shown schematically. E%Jgﬁl;gr HASSBEEN
uo
2l

gr aphi cal hypot heti cal performance record involving conti usngplﬂcgnng
and cycles of a boiler. FIGURE 4 iys~a graphi cal hypot heti et
regi ster printout for verifying her the cycles value of a boiler
proper. Preferred Enbodi nents of the Invention A boiler cycles of
concentration is an operating paraneter that is either well nonitored, or
shoul d be well nonitored. Limts on boiler cycles of concentration, so as
tolimt the maxinmuminpurity concentration within a boiler, are routinely
set by boiler and turbine

uniform normal blowdown rate. M can be determined from design documents or by spiking the

FRotHES

boiler quickly with a known amount of an inert tracer and measuring the value C; obtained with
the normal blowdown shut off. If the mass of the boiler water is unable to be known precisely, a
determination that a steady state as to the inert tracer has been reached is made when a uniform
average cyclw value is seen by mdnitoring the inert tracer for a period of about one to two
weeks while holding C; constant.

The inert tracer selection for the purposes of the present invention must consider the
temperature constraints existing on the waterside of a boiler. The inert tracer preferably is a

fluorescence tracer, as discussed below.

Determination of Boiler Cycles and Leakage
In FIGURE 1 there is shown in diagrammatical form 2 boiler system designated by the

general reference numeral 10, comprised of a boiler 12, a feedwater line 14 through which
feedwater "FW™ flows into the boiler 12, a steam line 16 through which the steam generated

| . leaves the boiler 12, and a blowdown line 18 through which normal blowdown "BD" is
discharged from the boiler 12. The delivery of feedwater to the boiler 12 is controlled by a
fecdwater valve 20. The discharge of normal blowdown from the boiler 12 is controlled by a
blowdowi valve 22. A sidestream 28 off the blowdown line 18 supplies 2 small continuously

cooled sample stream for monitoring the concentration of the inert tracer in the boiler by means

———
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manuf acturers, water treatnent conpanies and the industri

: . t conps . p==pants
enpl oying the boilers. Such linitations are intended for, ||afitiSRHEES BFEY
necessary to, the avoi dance of serious scale formation/depositiB&aPERGERt e

an ot herwi se adequate water treatnment prggram Boiler feedWwater, Wi T
normally is conprised of both makeup water and recircul ated condensate
wat er, scontains sone inpurities regardless of the extent to which such
waters are treated before being fed to a boiler. Wen steamis generated,
substantially pure [err] vapor is discharged fromthe boiler, |eaving the
i mpurities (the dissolved and suspended solids) behind, which increases
their concentration in the boiler water. The discharged steamis repl aced
by cont amofiapyrepristé inistrurngntation 30, which is shown diagrammatically in FIGURE 1, and is

discussed in more detail below. A feedwater sidestream 32 is tapped off of the feedwater line 14
and along such feedwater sidestream 32 is a feedwater-monitoring instrumentation 34, discussed
below. .The rate at which normal blowdown is discharged from the boiler 12 is dictated by the
balance desired between the rate of introduction of impurities ("solids™) to the boiler 12 together

| with feedwater and the rate of solids discharge from the boiler 12 with normal blowdown. The
desired balance is normally an equal balance. The solids discharge rate should equal the solids
introduction rate over a given time period. The concentration of solids within the boiler 12 at
any given time, after steady state is reached, should also fall within predetermined limits,

This balance between the rate of introduction of impurities ("solids") to a boiler together
with feedwater and the rate of solids discharge from the boiler with normal blowdown may be
represented by a hypothetical boiler operation éxample as follows:

(1) The maximum solids concentration within the boiler at any given time is set for an
equivalent of 1,000 mg solids per liter of boiler water;

(2) The feedwater has an average solids concentration of 100 mg/liter, is fed to the
boiler at a rate of 1,000,000 tb/day and thus 100 1b of solids are fed to the boiler per day;

{3) The average sohds concentration in the normal blowdown is equal to the 1,000
mg/liter solids concentration maximum (see 1 above), 100 Ib of solids must be discharged per

day (see 2 above) and thus the normal blowdown rate must be 100,000/1b per day; and
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feedwater. An ever increasing concentration of dissolved and suspended
solids in the boiler water would inevitably result in very serious

probl ens, including deposit formation, corrosion, foam ng and carryover,
decreased heat transfer efficiency, boi} 8 tube failure or occlusion, and
the like. Boiler-inpurities concentration (boiler solids concentration) is
of fset. by withdrawi ng water as nornal bl owdown. The heat energy in the

nor mal bl omdown, however, is a major factor reducing a boiler's thernal
efficiency, and therefore a bl owdown rate in excess of that required to
limt solids concentration is preferably avoided. An excessive bl owdown

Concont rati on i Tham By asaRal iR S oupal i sfhult £d SRMEM from e
boiler at a rate of 900,000 1b per day.

The desired cycles value for such a boiler balance is 1,000/100 = 10. That is, the
concentration of solids in the normal blowdown should be 10 times the concentration of solids in
the feedwater. However, the typical feedwater solid conc&xtation, due to the pretreatment
system operation and the quantities of returned condensate, will have between a 5% and 25%
variance range. The more pure the feedwater, the greater the variance range and thus the more
difficult it becomes to make accurate boiler cycle measurements from normal feedwater _
in;lpun'ties. The actual cycles value is more easily measured by continuously adding a uniform
dosage of an inert tracer to the feed water and monitoring its concentration in both the feedwater
and normal blowdown, along the feedwater line and blowdown line respectively, and
substituting the concentrations determined into. Formula 1. (It is desirable but not required that
the inert tracer be monitored along the feedwater line for the present invention.) If the cycles
value determined by the inert tracer was lower than desired, the blowdown rate could be
lowex_'ed, and if the cycles value determined by the inert tracer was higher than desired, the
normal blowdown rate could be increased.

When the blowdown rate is set to provide the desired cycles value, the sidestream 28 off
the blowdown line 18 (which need only comprise a negligible fraction of the boiler water) is

monitored to determine on a continuous basis the concentration of the inert tracer in the boiler

—_—
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the feedwater is called the "cycle value", "cycles of concentration”
"concentration cycles" or "cycles" of a boiler operatio ‘)’ﬁjngEgH_ r éESEN

bei ng gperated on too | ow of a concentration cycle, the
too high and the operation is unnecessariefa i nefficient.
of heat with the excessive bl owdown decr es thermal efficiency and water
costs iFncrease at the sane tine. If a boiler is being operated on too high
of a concentration cycle, the blowdown rate is too |ow and the potenti al
for solids-derived problens, such as scal e deposit and corrosion, is great.
Thus the cycles of concentration is preferably one of the prinary operating
parameters nonitore The od esen I on may i nc] ude the
noni t or i AT 4GS %?“Sb%ggﬁﬂ?'&?fl g}'bggﬁé@f ﬁ'&t@ﬁ?f"‘“@@° IRETE HaceR|y.
5,041,386, Claudia C. Pierce, Ro Fowee, and

momtored by the instrumentation 0 wnll normally ﬁucmate from the C; low value, at the point

mthm the time period after the feedwater rate exceeds the normal blowdown rate, to the high
.value Cyg at a point within the time period before the normal blowdown rate exceeds the
feedwater rate. The instrumentation would include one or more setpoints. A low setpoint, for
instance, would be below the normal C, value, and the reaching of such set point would be a
-variance indicator. A high setpoint would be at about Cy, and a failure to reach such setpoint
would be a variance indicator. For instance, if the inert tracer concentration in the feedwater of
a boiler having a cycles value of 50 is 1 ppm, its average concentration in normal blowdown
(average C; ) would be 50 ppm. Its high value in the boiler Cy may be about 55 ppm, and its
low value C, would be for instance about 45 ppm. If the tracer concentration in the boiler fell to
40 ppm, there would be a ZQ percent difference between this reading and the average C; reading
of 50 ppm, and about an 11 percent difference between this reading and the normal low inert
tracer reading C;. There may also bé a change in the feedwater rate if the boiler is a constant
steam load boiler. This feedwater rate change would be extremely difficuit to detect with any
assurance using a normal analyzer having an accuracy of about + 3% because the feedwater rate
change would be on the order of only about 0.5%. (In a constant stcam load boiler, the
feedwater rate is the steam rate plus the blowdown rate, and the steam rate for a boiler having a

cycles value of about 50 would be about 200 times the normal blowdown rate. Flow meters are
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,10 John E. Hoots, issued August 20, 1991, incorporat ed |heqei SHEETOAS BEEN ll
reference, discloses the use of inert tracers to nonitd@r boi kgpiACED |
concentration cycles. Boiler cycles are cal cul ated by ' et

Y racer to the feedwater bei ng charged to the boiler in a known
concentration, and then deterniningf n analog of its concentration in the
normal bl owdown. If the cycles val ue does not conpare to the standard
operdting value, which may be the cycles val ue proposed by the boiler
manufacturer or set by the operator or suggested by water-treatmnment
Fupplier, t hen the

‘, generally not used to determine normal blowdown flow rates because of fouling and accuracy
problems.)

As noted above, a drop in the C, value from the normal level or failure to reach the
normal Cy while at steady state steaming rate is indicative of a leak. Water has left the boiler by
a route other than the generated steam and the normal blowdown discharge, and a proportional
amount of inert tracer has left the boiler with that water. The feedwater control system has
replaced ti:at lost water with water containiﬁg a lesser concentration of the inert tracer, diluting
the overall tracer concentration in the boiler water. Such a leakage would cause a water loss that
is minute comparéd to the water content of the boiler, and yet with an inert tracer that is not
affected by the feedwater purification efﬁciency.', or other variable parameters of the feedwater,
such a water loss and concomitént inert tracer dilution is detectable. F of example, as described
above, a leakage that causes only a 0.5% increase in water consumption by the boiler would also
provide a 20% decrease in the tracer concentration from its average of S0 ppm and an 11%

i decrease in the tracer concentration from its normal low value of 45 ppm. The amount of the
water loss and the precise dilution of the inert tracer need not be quantitatively determined,
although such quantitative determinations can be easily made using the method of the present
invention. The fact that it is occurring alone will be an invaluable leak-alert benefit to a boiler

.-

operator. ol
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bl owdown

The inert tracer preferably is enployed to determ ne the cyctgs dHdBrUiAd BeeN

rate and/or the dosage of water-treatnent agent can_be adjusted

or contam nant concentration within the boiler water) on ajcontigdpuscep

basis. The inert tracer may be used for % er purposes, Suth—as=td
determ nation of percent holding time (h

st andard

-life tine), as a reference
in the nonitoring of concentration of water-treatnment agent

concentration level, and the like, concomtantly with the cycles
determ nation. Boiler cycles (cycles value, concentration cycles, cycles of
concentration and the like) as such termnology is used herein, as
understood generally in the boiler field, is the ratio of the K

concentraty _ .particular inpurity or conmponent ("IMP') in the nornal
bl owdown ate (final concentration or [err] to its concentration

'n the feedwat e‘f’he( ;'u@fetﬂleﬁlins HheRidkios t')toort])ngl;uously monitoring an inert tracer in the boiler is

shown schematically in FIGURE 2 and fl«ignated by the general reference numeral 110, It
contains several major components: )

1. A sensor or detector 112 for determining from an on-stream characteristic of the inert
tracer its concentration in the sample, including an analyzer 114 for measuring the characteristic
and a transducer 116 (2 power-transforming device inserted between parts of communication
systems) that generates an electrical signal (voltage) corresponding to the concentration analysis;

2. An LED digital readout and electronic data rmﬁ« device 118 or other register that
generates a continuous record of the concentration of the inert tracer in the boiler as a function
of time;

3. A leak-alert signal 150 that is activated when the on-stream analysis of the inert tracer
fails to reach the predetermined high concentration (Cy) in the predetemﬁned normal cycle time
period or ever falls belo.w a ﬁredetermined low concerluaﬁon (CD; and

4. A feedback qonu'oller {monitor) !40 that allows the signal 150 to be activated
depending on the on-stream anaiysis of the concentration of inert tracer represented by the

voltage signal from the transducer 116.

'\
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[err], which ratio is determned fromthe foll owm ng For ; =
cycles = [err] or steady state normal bl owdown concent aﬂW@BHHEﬂmESBEEN
f eedwat er concentration of | M and t heywal ue, which ig an ea&PLAﬁEPum
value, wll always be greater than one si the inmpurity nor ma
bl owdown i s al ways nore concentrated than in the feedwater due to water
renoved as steam (Upsets in feedwater quality of a magnitude sufficient to
| ower the cycles value to | ess than one are not tolerable in the boiler
field and woul d never occur outside of a

After addition of the known concentration C, to the feedwater, a sample is taken from a
convenient blowdown tap location and is passed through a sampling line (conduit) 130 (such as

 along blowdown sidestrcam 28 of FIGURE 1) into  flow cell 132 of an analyzer 114 where the
concentration of the inert tracer in the boiler sample is analyzed continuouslsv. The
conccntratioﬁ of the inert tracer is measured on a real-time basis by this analysis of the inert
tracer concentration. Cycles at a steady state are monitored and calculated first before the high

concentration Cy, the loﬁv concentration C, and the normal cycle time period are determined and
set for the leak-alert signal 150 that is activated when the on-stream analysis of the inert tracer
fails fo rea;:h the high-concentration Cy within the normal cycle time period or ever falls to a
predetermined concentration of C, j, , which is 2 value less than C;. In addition, the percent
holding time may be calculated if desired.

~ The analyzer 114 is preferably a Turner Designs (Sunnyvale, California) Model

| 'Fluo;omcter 10 AU which has a flow-pressure rating of 70 psi. This ﬂuorom?tcr hasa
0.3;c¢ntimcter diamctcf and a two-inch long flowcell 132, which allows for a large fluorescence
intensity, the fluorescence intensity from a given source being proportional to cell path. In
general, any fluorometer, thh a large pathlength, and excitation and detection in the ultraviolet

(UV) region can be used.

\
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maj or boiler operation failure.) In the process of the present invention ..

the inert tracer is t he "irrpur.ity" or "IMP" of Fornula I aggf:é"q& hes BEEN ||
n substit Uk TBIP Thrp |

acronym "1 T" for "inert tracer" can be enployed in substit )
"I MP"* designation. The present |nven;2 exploits the phen '
any practical boiler systemoperatio e [err] is not an absol ute constant
and the cycles value assigned to a boiler operation is based on an average
value of [err], and thus the present invention goes farther than the
determ nati on of the cycles value and need not include a cycles val ue
determ nati on. Moreover, for purposes of the present invention the inert
tracer is to be introduced into the boiler systemin a known and uniform
proportion t oThé€lokeeld1a2 ésa quana cylinder haviag dieaditngnsidnistnotst aboee.cThaflowsell

i ntroduced into the boiler systemas a conmponent of the feedwater in a

known angir@idnspdrent to ultraviolet radiation emitted by a light source directed against one side of

the flowcell 132. At a 90° angle from the light source is the transducer 116 which transforms the
emissivity of the fluorescent inert tracer into a 0 to 5 volt DC voltage, emissivity (and therefore
voltage output) varying with the concentration of the inert tracer. An LED indicator 118 is
responsive to the output voltége of the transducer 116 (0 to 5 volts, DC) enabling the
concentration of the inert tracer to be observed. The output recording device 118, for a real-time
printout of inert tracer concentration, is responding on a continuous line basis to the voltage
output (output of 4 to 20 milliamps) of the transducer 116 clement included in the analyzer 114.
A monitor 140 having HI, LO relay contacts is in commﬁnication with the output of the
transducer 116 which in effect evaluates the concentration of inert tracer. If the evaluation does
not reach the high concentration standard set for the inert tracer (Cg), or the inert tracer
concentration falls below the normal level (C,) there is a variance indicator which is indicative
of a potential leak and the signal 150 is activated. The setpoints (not shown) in the monitor 140
corresponding to these relays may be, for example, § milliamps and 15 milliamps, respectively.
One coil (not shown) serves all the contacts shown in FIGURE 2; when energized at either of the
setpoints, all contacts reverse (closing CR). When CR is closed, a 4 to 20 milliamps signal is

generated which is transmitted via a 10 to 20 milliamps signal output to the boiler operator's
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concentration with respect to the feedwater. Internediate _and high pressure

boil ers have heat transfer rates in excess of 100,000 [erif] ,
presence of an even extrenely thin deposit |layer within tHeT'%%ici%fLix\'é’éigEsN ’
cause 'a serious elevation in the te ature of the tube el

t he 12 feedwater purity is very H% and the permtted concentration of

| mpuri.ties introduced with the feedwater is very |low These are al nost
i nvariably high cycles value boilers with al nost

signal panel signal 150 (or bus or distribution control system, not shown). The continuous
monitor 140 as shown in FIGURE 2 is employed to monitor the concentration of inert tracer in
the boiler. A similar monitor can be set to monitor the feedwater to determine the c;:nccnu'ation
of the tracer. Monitor readouts for both feedwater and blow&own samples may be ratioed to
determine the cycles value when the steady state is reached. Percent life holding time may be
calculated.

A hypothgtical performance record involving continuous monitoring and cycles is
graphically depicted in FIGURE 3. Two laboratory calibrations would be checked using two
standards, for instance, 0.5 and 0.6 ppm 2-naphthalene sulfonic acid (2-NSA) tracer. The
instrument would then be calibrated first against distilled water (DI) at a process simulatiop site
and then against a 0.6 ppm 2-NSA tracer standard. After such a calibration exercise, the
instrument would then be used to continuously monitor a boiler rec_civing feedwater dosed with
0.05 ppm 2-NSA tracer, after a steady state as to the inert tracer was achieved in the boiler. The
cyclic rise and fall of the inert tracer concentration in the boiler with time is shown in FIGURE
3, and at time T-5 there is shown a deviation from the normal cyclic concentration change, |

wherein a low tracer concentration condition is reached, indicating that a leakage in this

hypothetical boiler system may have started.
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onstant steam generation demands. Wen the cycles valg

are nmonitored with the inert tracers disclosed in U. Su‘ 1 ) e
5,041, 386, which do not appreciably carry over into thg _andwh —ch

can be selectively detected at very |la g:/ concentrations |nstance 0. 005
ppmor less), it has been found that2idh a gi ven boiler systemnot only can

the average cycles value be determned fromthe average [err], but the
normel range of the [err] fluctuation can also be deternm ned and a vari ance
t herefrom detected. This can al so be done for boilers that are not

I nternmedi ate or high pressure boilers. (The only boiler operation
paraneters that may exclude the use of some of the preferred embodi ments of
present i nFeormiagonsinuoys register pantont mbesglabshomo@é%‘*m%ﬁ ematigres
may | ead to deconposition of the presently preferred sul fonated napht hal ene
and sy daemiiad opyesfyifilrosycles aropopert Thus,ahebabkgmound erl"doatrolf.cpndition (no

tracer) is known (background reading of 10.5), the starting concentration of tracer in the
feedwater is known (6.5), and also the normal blowdown concentration at steady state (70). The
cycles value is therefore C/C; = (70 - 10.5)/6.5 = 10.2.

The invcnti§n may be employed concomitantly with the determination of other boiler
operational parameters. Thus it will be scen that a continuous recording of the tracer
concentration, as a stable component, permits accurate determination of enough C/C; points
during the concentration period to plot the straight line of various values of In (1-C/Cg) in
Formula II or to determine the slope which gives the inverse or reciprocal of the boiler constant
K. Knowing K, and knowing C;, the unknowns in the holding time equation of

%HT (P)=-KIn{ 1 - (P/100) ]
wherein (P) symbolizes percent life of component C and P = C/C;; x 100, wherein C, = the
concentration of a component C at the dcsired %HT, and where C, = steady state boiler

concentration of component C, permits the holding time to be calculated.
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The process of the present invention, as nentioned above,ipseh-giaias sEeN
activates a signal when such an excursion fromthe nornﬁl r angepbctibe
[err] fluctuation is detected. The variancg;écdicators
represent a drop in the normal actual cycl al ue range (the actual cycles
value fluctuates with the fluctuation of [err] a drop in the normal average
cycles value and a drop in the normal average [err] after reaching a steady
state. Such changes, w thout any acconpanying change in the boiler steam

| oad (these boilers are normally at constant nmass flow rates) indicate a

| eak.

Inert Tracers

The inert tracer rnust- be transportable with the water of the boiler system (except of
course the water dischérged from tﬁc boiler as st‘gam) and thus wholly water-soluble therein at .
the wﬁwnuaﬁon it is used, uﬁder the temperature and pressure conditions to be encountered.
Preferably the selected inert tracer also meets the following criteria:

1. Be thermally stable and not decompose at the temperature within a boiler;

2. Be detectable on a continuous or sémicontinuous basis and susceptible to
concentration measurements that are accurate, repeatable and capable of being performed on
feedwater and blowdown water;

3. Be substantially foreign to the chemical species that are normally present in the water
of the boiler systems in which the inert tracer may be used;

4. Be substantially impervibus to interference from, or biasing by, the chemical species
that are normally prcscht in the water of the boilcr'systcms_ in which the inert tracer may be uscd:

5. Be substantially impervious to any bf its own potential specific losses from the water
of the boiler system, including selective carry-over;

6. Be compatible with all treatment agents employed in the water of the boiler systems

in which the inert tracer may be used, and thus in no way reduce the efficacy thereof;
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13 The process of the present invention in an enbodi nment preferabl

gonprises a continuous nonitoring of the concentration on;ggfﬁﬁéﬁf
i'n a boiler using an inert tracer introduced with the fedd @éf“;f
conti nuous determ nation of the inert fracer concentrati Qp_in _Lthe-—beFe i
detects any variance indicator in its &lductuation of the Tnert tracer
between the normal [err] and [err], and any drop bel ow a setpoint, which
setpoint is predeterm ned based on the normal fluctuation of the inert
tracer between [err] and [err] of that boiler, actiwvates a | eak-alert
signal. The boiler operator is thereby alerted to the significant potential
that a leak is occurring, and can activate and/or focus on other system
checks and/or_ inspections (for instance af the, firebox and/or _ashpit) to

confirm andy Be qompatiblerwith alkegmpaneats of its formulation and such compatibility

preferably should endure despite the required éonccntrations of the tracer and/or other

components in such a formulation, and despite the storage and/or transportation conditions
encountered; and

8. Be reasonably nontoxic and environmentally safe, not only within the environs of the
o i water of the boiler system in which it may be used, but also upon discharge therefrom.
| Generally it is desirable to employ the least amount of inert tracer that is practical for the
circumstance, and the amount of the inert tracer added to the water of the boiler system should
be at least an amount effective for the determinations desired. Seldom would an inert tracer be
deliberately fed to the water of a boiler system in an amount grossly in excess of the minimum
effective amount because thefe generally would be no practical purpose in doing so that would
justify the costs involved and any deleterious effects on the quality of the water of the boiler
caused by the presence of the inert tracer therein. The amount of inert tracer to be added to the
water of the boiler system that is effective without being grossly excessive will vary with a
variety of factors including, without limitation, the inert tracer and monitoring method selected,
the potential for background interference with the selected monitoring method, the magnitude of

the expeqtet_l inert tracer concentration in the blowdown, the monitoring mode .( which generally
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Steady state as such terninology is used herein, as unde ?ﬁg@r@@"e,&@ébﬁmn'
the boiler field, is the condition that exiét when the gohcenkgegi hopDOT

the inert tracer (or other stable substancegithtroduced i ' '
the feedwater) in the water of the boiler systemreaches a uniform _
repetitious cycling fluctuation of the inert tracer froma predictable high
concefitration [err] to a predictable |ow concentration [err], which state

i s reached when the transient conditions arising at the start of the inert

tracer feed to the feedwater have becone negligible. For purposes of the
present invention, a boiler can be considered operating at a steady state

with respect to the jnert tracer when the i o significant ghange jn the
f1 uct uat iWleﬁw@ﬂ@ﬂr‘ﬂf&wwae@mwm'@ﬁn?{csﬁﬂﬁf?mFf@%?ﬁf fagforsy, Generally the
concentration of the inert tracer in the boiler and no significant change
in the bldesaganf andnert traper toacHatat of the heiler system villbe st lepstsufficient fe providear to
t he i

concentration of tracer in the blowglown at stcady state of at least dbopt 0.1 ppb, and more |
commonly at least #bout 5 ppb or Highcr, ﬁp to about 100 or 206 ppm, in the blowdown,

By the terms "tracing" is meant herein, unless expressly indicated otherwise, the
determination of the concentration of the inert tracer(s) in the blowdown. Such tracing would
seldom be conducted on a singular, intermittent or semi-continuous basis for the purpose of the
present invention, but instead on a substantially continuous basis, and préferably the
concentration determination is conducted on-site (at the site of the boiler system) to provide a
rapid detection of at least the fact that the inert tracer concentration in the boiler or blowdown
has dropped from the normal con-ccntration or that the blowdown flow rate has decreased
compared to normal. The inert tracer is at times referred to herein merely as a "tracer”. -

* As noted above, the inert tracer must be added to the Qate_r of the boiler syst_em in known
| proportion fo th.c' feedwater, and preferably the inert tracer is introduced into the boiler sysfcfn
together with the feedwater at a known and constant concentration therein. The tracer
.formulation, or "product”, may be an aqueous solution or other substantially homogeneous

admixture that disperses with reasonable rapidity in the system to which it is added. Since in
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14 boiler (or concentration of tracer in the feedwater mh@ﬂ;tﬂfreduced“”” i
therewith) and steam ng rate.in the absence of boiler le kagEiQﬁ&RéW“ P
wat er due to a | eakage can be considered a di sruption of '
t hat has been reached. To detect a bojiler |eakage enpl oyi
process, a steady state as to inert Ser concentration nust first be
reached, and the [err] and/or [err] values or val ues proportionate thereto,
determ ned. Bl owdown, as such term nology is understood generally in the
boiler field, is water

most any instance an inert tracer would be added to 2 boiler system as a component of a
formulation, rather than as dry solid or neat liquid, the tracer concentration may be correlated
not to the numerical concéntration of the inett tracer itself but instead to the concentration of a
product, which in turn can be correlated to the concentration of the inert tracer when and if such -
information is required.

In preferred embodiment, the chemical compound(s) selected as an inert tracer(s) should
not be one that is consumed or lost to the water of the boiler system, for instance due to
degradation, deposition, complexation, or other phenomena, unless such consumption or loss is
at a rate that is predictable. The inert tracer(s) used in the present invention is preferably
substantially unconsumed in the use environment. An inert tracer(s) that is wholly inert in the
water-system environment would not react with any of the components in the water of the boiler
system to which it is added, would not degrade in the environment of the water of the boiler
system, would be incapable of coupling and/or depositing in any manner within such boiler

. system and would not appreciably be effected by other system parameters such as metailurgical
composition, heat changes or heat content. There are water-soluble inert tracer(s) that are
wholly inert, or substantially inert, in the aqueous environments likely to be encountered in

industrial boiler systems. Further, it is believed that an inert tracer(s) having a degree of
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di'scharged froma boiler system A sidestreamthat continuo.u';'5‘,,_;“1":',3'7;"”.:_f;.jeiJo‘_;':;_.._‘,th_e_‘:\l
boiler water for a continuous nonitoring of tracer conce tT%PT“ﬁ;‘”KEBﬁ“the
boi | er woul d be considered bl owdown under this broad defillnitiofE
| eakssfroma boiler systemwoul d al so be considered bl owdown under this
broad definition. To avoid any ponfézbon of term nol ogy, and to assure that
all bl ondown streans are precisely i ned, the term"normal bl owdown" is
used herein when water loss froma boiler leak is excluded. At the tinme of
its discharge, the normal bl owdown and any ot her bl owdown stream have the
sanme conposition(s) as the water retained wwthin the boiler system at that
time. The stream of water froma boiler that is nonitored for purposes of
the present invention may be, for instance, a sidestreamoff a

const afddrifreld Aith ggamrﬂaée AP Y6 QLS pére it thREoT i11081 dui't Fabiidrl, Aegrd@itiin,

stream al so may be a streamfrom a
coupling and/or deposition during the time that clapses between its addition and its discharge as

a blowdown component is sufficiently, or substantially, inert for the purpose of the present
invention for most, if not all, tracer monitorings.
Among these substantially boiler-system-inert fluorescent compounds are the mono-, di-
_ . and trisulfonated naphthalenes, including their water-soluble salts, particularly the various
naphthalene mono- and disulfonic acid isomers, which are a preferred inert tracer(s) for.usc in
the present invention. The naphthalene mono- and disulfonic acid isomers are water-soluble,
écncrally available commercially and easily detectable and quanﬁﬁabl§ by known fluorescence
analysis techniques. Preferred naphthalene mono- and disulfonic acid isomers are tfnc _____
water-soluble salts of naphthalene sulfonic acid ("NSA"), such as 2-NSA, and naphthalene
disulfonic acid ("NDSA" or "NDA"), for instance 1,5-NDSA. Many of these inert tracer(s)
i (mono-, di- and trisulfonated naphthalenes and mixtures thereof) are extremely compatible with
 the environments of most boiler systems. Among these preferred fluorescent tracers, 2-NSA and
(1,5-NDSA) have been found to be thermally stable (substantially inert) at temperatures up to at
least about 540 *C (1004 °F), for at least 24 hours at 285 *C (545 °F) and at pressures up to about

1,500 psig for time periods commensurate with commercial boiler holding times. Such inert

\
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%
separate boiler outlet, or a sidestreamfromthe bl owdown |ine ahead of the

bl omdown valve in a boiler having an intermttent nor mal +h=
any of such instances the nenitored 15 streamis a paft t THIP SHEETHASY BBEN
bl ondown" as defined above, being in alginstances i nt entLi_onal REMIEAGED a

t

1

generally known rate. The high concentr on [err] of the Inert Tracer tn=a
boiley for a uniformy cycling boiler systemis higher than the average
[err] of the normal bl owdown, and of course is determ ned when

fluorescent tracers have been found to carryover into the steam discharged from commercial
boilers at concentrations of less than 500 ppt when present in the boiler waters at concentrations
within the range of from about 5 to 50 ppb, and thus these tracers are not selectively carried over
into the steam, and do not carry over into the steam in any appreciable amount. In addition, it
has been found that the contribution to conductivity of the mono-, di- and trisulfonated
naphthalenes is minimal at the ppb levels used for fluorescence determination in either the boiler
feedwater or the blowdown.

Another group of inert fluorescent tracers that are preferred for use in the process of the
present invention, particularly under pressures of no more than about 1,000 psi, are the various
sulfonated derivatives of pyrene, such as 1,3,6,8-pyrene tetrasulfonic acid, and the various
water-soluble salts of such sulfonated pyrene derivatives.

The tracer is preferably selected from among those that are easily quantifiable by a
fluorescence analysis method, a preferred analytical technique for the purposes of the present
process. Other analysis methods not excluded for use in quantifying the inert tracer are HPLC

and fluorescence analysis combinations, which are described in more detail below.
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a boiler-water sidestreamis nonitored for the concentration of
tracer in the boiler. The I ow concentration [err] of the | §JE@¢¢{AS BEEN

the boiler is |ower than the average [err] of the normal OMEP AL ED
since*the boiler water is never entirely replaced with feédw
cycling, it is never as low as [err]32As nentioned above, the

| eak-detection function of the present process can be activated only after
a steady state as to the inert tracer has been reached. The tinme required
for reaching such steady state after a uniform dosage (feed rate) of inert
tracer has begun can be calculated fromthe followng Fornula I1: [err]

wherein Mis the ss,of the boiler water (in 1bs), B is the nornal
bl owdowFluessenseEmissiof pestroscopy

The detection and quantification of specific substances by fluorescence emission

spectroscopy is founded upon the proportionality between the amount of emitted light and the
amount of a fluoresced substance present. When energy in the form of light, including ultra
violet and visible light, is directed into a sample cell, fluorescent substanc'cs therein will absorb
the energy and then emit that_ energy as light having a longer wavelength than the absorbed light.
A fluorescing molecule absorbs a photon resulting in the promotion of an electron from the
ground energy state to an excited state. When the electron's excited state relaxes from a higher
energy vibrationally-excited state to the lowest energy vibrationally-excited state, energy is lost

in the form of heat. When the electron relaxes to the ground electronic state, lig_ht is emitted at a

lower energy than that absorbed due to the heat-energy loss, and hence at a longer wavelength
than the absorption. The amount of emitted light is determined by a photodetector. In practice,
the light is directed into the sample cell through an optical light filter so that the light transmitted
is of a known wavelength, which is referred to as the excitation wavelength and generally
reported in nanometers ("nm"). The emitted light is sinﬁlarl.y screened through a filter so that

' the amount of emitted light is measured at a known wavelength or a spectrum of wavelengths,
which is referred to as the emission wavelength and generally also reported it_t nanometers.
When the measurement of specific substances or categories of substances at low concentrations

is desired or required, such as often is the case for the process of the present invention, the filters

\
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[ert] is the concentration or average concentration of the iner
t he normal bl owdown after steady state is reached, and
concentration of the inert tracer in the normal bl owdo
factor*is a constant (boiler constant3X"') for a given
under a uni form normal bl owdown rate. M can be determ ned from design
docunments or by spiking the boiler quickly with a knowm anmount of an inert
tracer and nmeasuring the value [err] obtained with the normal bl owdown shut
off. If the mass of the boiler water is unable to be known precisely, a
determ nation that a steady state as to the inert tracer has been reached

i's made when uni f arm . o e . .
are set &)r a sPeclkc combination of excitation and emission wavelengths, selected for

substantially optimum low-level measurements.

In general, the concentration of an inert tracer can be determined from a @mparison ofa
sample's emissions intensity to a calibration curve of the given tracer’s concentration versus
emissions, for the same set of excitation wavelength/emission wavelengths., Such a
concentration-by-comparison method by which the sensed emissions are converted to a

‘¢ " concentration equivalent preferably is employed to determine concentrations of an inert tracer
that are within the concentration range over which a linear emission response is observed, and
this concentration range is referred to herein as the "linear-emission-response concentration
range”. The linear-emission-response concentration range is to some extent dependent upon the
specific inert tracer and the excitation wavelength/emission wavelength set employed. At inert
tracer concentrations higher than a given inert tracer's linear-emission-response concentration
range, there is a negative deviation from ideal (linear) behavior, the degree of emission for a
given concentration being less than predicted by a linear extrapolation. In such instances, the
sample can be diluted by known factors until the concentration of the inert tracer therein falls
within the linear-emission-response concentration range. If the inert tracer is present in the
sample at only very low concentrations, there are techniques for concentrating the inert tracer by
known factors until its concentration falls within the linear-emission-response concentration

range or is otherwise more readily measured, for instance by liquid-liquid extraction.
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a\/erage cycles value is seen by nonitoring the inert trag®ef QEEF
TOT

about one to two weeks while holding [err] constant. The\lﬂ‘é Pﬁﬂfﬁé J

selection for the purposes of the pr :ign i nvention rmst\con5|

tenperature constraints existing on t

wat ersi de of a boiTer. The inert
tracer preferably is a fluorescence tracer, as discussed bel ow

Determ nation of Boiler Cycles and Leakage In FIGURE 1 there is shown in
di agrammatical forma boiler system designated by the general reference
nunmeral 10, conprised of a boiler 12, a feedwater line 14 through which
feedwater "FW flows into the boiler 12, a steamline 16 through which the

St eam GERGRALEIple AR a'Afibddfbd Bhrvd SverHheifleal R HRINebbdiSe Sbhckdlitil Vi ch
range would be prepared or obtained before employing a given inert tracer, and preferably the
inert tracer would be added to the feedwater of the boiler system in an amount sufficient to
provide a concentration of the inert tracer in the boiler that is within the
linear-emission-response concentration range. Generally the linear-emission-response
concentration range of an inert tracer is sufficiently broad to readily estimate the amount of the
inett tracer that will be sufficient for this purpose. A linear-emission-response concentration
range will most often extend through a concentration range from a concentration of "m" to a
concentration of at least 10m.
A determination of the presence of a fluorescent inert tracer and prefmbly the’
concentration thereof in the blowdown from a boiler system can be made when the concentration .-
of the inert tracer in the boiler is only several parts per million (ppm) or even parts per billion
{ppb) for some of the inert lraccr that can be employed in the process of the present invention.
In preferred embodiment, the amount of a flucrescent inert tracer added to the boiler system
- should be sufficient to provide a concentration of the inert tracer in the blowdown to be analyzed
of from about 5 ppb to about 100 or 200 ppm, although the preferred inert tracers specifically
mentioned herein need not be present in the.sample_ analyzed in excess of about § or 7 ppm.

Such analyses, that is, the measurements of the light emitted in response to the light transmitted
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di scharged fromthe boiler 12. The delivery of feedwater to
Is controlled by a feedwater valve 20. The discharge o
fromthe boiler 12 is controlled by a blomdowm val ve 2
of f the bl owdown |ine 18 supplies a:f conti nuousl y m
for nmonitoring the concentration of e |nert tracer in the boiler by neans
17 of appropriate instrunmentati on 30, which is shown diagrammatically in
FIGURE 1, and is discussed in nore detail below A feedwater sidestream 32
is tapped off of the feedwater |ine 14 '

Elqlmo(siaEEN ﬁ{l
EEﬁEAceam 28 ||

to the blowdown, can be made on-site, preferably on an almost instant and continuous basis,
with simple portable equipment, such as the photodetector and screens described above.

At times it may be desired to employ a plurality of inert tracers. For instance, it may be
desired to usc a pluralitj of inert tracers to confirm that neither is undergoing any tracer-specific
loss or one tracer to detect a given variance and another for the detection of a different variance
or other parameter. Such separate and distinct inert tracers can each be detected and quantified
in a single water blowdown fraction despite both being fluorescent tracers if their respective
wavelengths of emission do not interfere with one another. Thus concurrent analyses for
multiple inert tracers is possible by selection of inert tracers having appropriate spectral
characteristics. Preferably widely separated wavelengths of radiation should be used to excite
cach of the inert tracers and their fluorescent emissions should be observed and measured at

. widely separated emission wavelengths. A separate concentration calibration curve may be
prepared or obtained for each inert tracer. In other words, more than one inert tracer can be
employed, and then the presence and/or concentration of each such inert tracer in the boiler
system should be determined using analytical parameters (particularly the excitation/emission
wavelengths) effective for each such inert tracer, which analytical parameters preferably are
sufficiently distinct to differentiate between measurements.

Fluorescence emission spectroscopy on a substantially continuous basis, at least over a

given time period, is one of the preferred analytical techniques for the process of the present
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o
and al ong such feedwater sidestream 32 is a feedwater-
I nstrumentation 34, discussed below. The rate at which
di scharged fromthe boiler 12 is dictated by the bal an
the vate of introduction of inpuriti §( solids") to tht 7 together
with feedwater and the rate of solid | schar ge frontthe boiler 12 with
normal bl owdown. The desired bal ance is normal |y an equal bal ance. The
sol i ds di scharge rate should equal the solids introduction rate over a
given tinme period. The concentration of solids wthin the boiler 12 at any
given tine, after steady state is reached, should also fall within
pr edet énvention. | It is ére. of the prefeatedranalybis tevhaiquésfor qadneifying and devéliihingtheof
inpurities ("solids") to a boiler together with feedwater and the rate of

sol i ds cehcentration of tHeThdrhRade@iin & boilérishstamrana kit ib b Weky¥is EBRAIQR HaVigesent ed by
a hypot heti cal boil er operation exanple as foll ows:

- significant advantages. Fluorescent chemical tracers and monitoring techniques are now

known, for instance as disclosed in U.S. Patent No. 4,783,314, J. E. Hoots and B. E. Huant,
issued November 8, 1988, incorporated herein by reference, wherein inert fluorescent tracers are
employed in combination with a fluorescence monitoring, such as the sodium salt of
.2-naphthalcncsulfonic acid.

When the inert tracer is 2-NSA, one of the water-soluble salts of naphthalene sulfonic
acid ("NSA"), its concentration in the blowdown from a boiler system can be fluorometrically
measured by excitation at 277 nm and emission measurement at 334 nm, and the emissions
observed referenced to a standard aqueous solution containing 0.5 ppm 2-NSA, as acid actives.

A Gilford Fluoro I'V dual-monochromator spectrofluorometer can be used for a
fluorometric analysis conducted on an intermittent basis and for on-line fluorescence monitoring,
2 portable fluorometer equipped with appropriate excitation and emission filters and a quartz

flow through cell can be used, such as is commercially available from Turner Designs ‘
(Sunnyvale, California) Model Fluorometer 10 AU, which is mentioned above.
In general for most fluorescence emission spectroscopy methods having a reasonable
degree of practicality, it is preferable to perfotm the analysis without isolating in any manner the

inert tracer. Thus there may be some degree of background fluorescence in the blowdown on

[
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! (1) The maxi mum solids concentration within the boil erg
- set for an equivalent of 1,000 ng solids per liter of
. feedwater has an average solids concentration of 100
:the boiler at a rate of 1,000,000 |b/gay and thus 100

soli1ds are fed

to the boiler per day; (3) The averafefsolids concentration in the nornal

bl ondown i s equal

above)

100 I b of solids nmust be discharged per day (see 2 above) and t hus

t he normal bl owdown rate must be [err] per day; and

which the fluorescence analysis is conducted, which background fluorescence may come from

to the 1,000 ng/liter solids concentration maxi num (see 1

chemical compounds in the boiler system that are unrelated to the present process. In instances
where the background fluorescence is low, the relative intensities (measured against a standard
fluorescent compound at a standard concentration and assigned a relative intensity for instance
100) of the fluorescence of the tracer versus the background can be very high, for instance a
ratio of 100710 or 500/10 when certain combinations of excitation and emission wavelengths are
employed even at low fluorescent compound concentrations, and such ratios would be
representative of a "relative fluorescence” (under like conditions) of respectively 10 and 50. In
preferred embodiment, the excitation/emission wavelengths and/or the amount of tracer
employed are selected to provide a relative fluorescence of at least about 5 or 10 for the given
background fluorescence anticipated.

For instance, for most boiler water backgrounds, a compound that has a relative
fluorescence of at least about S at a reasonable concentration is very suitable as an inert tracer.
When there is or may be a specific chemical specie of reasonably high fluorescence in the
background, the tracer and/or the excitation and/or emission wavelengths often can be selected
to nullify or at least minimize any interference of the tracer measurement(s) caused by the
presence of such specie.

One method for the continuous on-stream monitoring of chemical tracers such as the

inert tracer by fluorescence emission spectroscopy and other analysis methods is described in

This Sheet Hag

MW~



di scharged fromthe boiler at a rate of 900,000 | b per
cycles value for such a boiler bal ancegig 1, 000/ 100 = — That 1Is, the
concentration of solids in the nornal owdown shoul d be 10 tines the
concentration of solids in the feedwater. However, the typical feedwater
solid_concentration, due to the pretreatnent system operation and the
quanti ti esys{ ParhtNG£4,992,088,/B: B, Moridrity, A \Hickes] We 1) HoypI Bl Hbo?didVU Aance
range. The nore pure the feedwater, the greater the variance range and thus
the nore dichhidnissuéd FERGAYA2, 19D 1 THEBrRERM Keréintd Oy rSfercns.| € neasurenent s
fromnornmal feedwater inpurities. The actual cycles value is nore easily
measured by continuously adding a uniform _

18 (4) st eLm havi ng an essentially zero solids content iit“*@%ﬁ@ﬁ F%S@%E N
ay.
1

in -Fluor: alysi

The combination of high-pressure liquid chromatography ("HPLC") and fluorescence
analyses of fluorescent tracers is a powerful tool for the present process, particularly when very
low levels of the inert tracer are used or the background fluorescence encountered would
otherwise interfere with the efficacy of the fluorescence analysis. The HPLC-fluorescence
analysis method allows thé tracer compound to be separated from the fluid matrix and then the
tracer concentration can be measured. The combination of HPLC-fluorescence analysis is
particularly effective for measuring minute levels of tracer in highly contaminated fluids.

The HPLC method can also be effectively employed to separate a tracer compound from
a fluid matrix for the purposes of then employing a tracer-detection method other than the
fluorescence analysis, and such other tracer-detection methods include without limitation light
absorbance, post-column dcrivaﬁzaﬁon, conductivity and the like, which methods are described
in "Techniques in Liquid Chfomatography", C. F. Simpson ed., John Wiley & Sons, New York,
pp 121-122, 1982, ineoq;rated hereinto by reference, and "Standard Method For The
Examination Of Water And Wastewater", 17th Edition, American Public Health Association, pp

6-9 to 6-10, 1989, incorporated hereinto by reference.
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'ﬁesage of an inert tracer to the feed water and nonitor j=g=tts
concentration in both the feedwater and nornmal bl owdown|| EHiB8&HEENHAS BEEN
feedwater |ine and bl ondown |i ne respectively, and substji t ut i REPLAGRED
concentrations determ ned into Forqgtg (It is desirabFebot—mot requrre
that the inert tracer be nonitored ng the feedwater line for the present
invention.) If the cycles value determ ned by the inert tracer was | ower

t han ‘desired, the bl owdown rate could be |owered, and if the cycles val ue
det erm ned by the inert tracer was higher than desired, t he normal bl owdown
rate could be increased. Wien the blowdown rate is set to provide the

need ont b ialfs BB e dfo Ao B el o o

to deternine_on a cqntinuo basths the concentration Ige |nert tiracer in
t he b&P$ci¢ without isolation thereo arc within an evolving technology, an hea Ve survey o

reasonable analytical techniques for use in monitoring the inert tracer in the process of the
present invention may presently not even be exhaustive, and most likely techniques equivalent to
the above for the purposes of the present invention will be developed in the future.

An inert tracer may be selected for a given process based on a preference for one or more
analytical techniques, or an analytical technique may be selected for a given process based on a
preference for one or more inert tracers.

As noted above, in preferred embodiment, the chemical compound(s) selected as the inert
tracer should be soluble in the boiler system to which it is added and should be either stable in
the environment thereof for the useful life expected of the inert tracer, or its loss from the fluid
due to degradation, deposition, complexation, or other phenomena should be predictable and
compensative, particularly since it is desired not merely to detect the presence of some amount
of the inert tracer, but also to determine the concentration thereof, or change in concentration. In
preferred embodiment, the combination of the chemical compound(s) selected as the inert tracer
and the analytical technique sclected for determining the presence of such tracer, should pem_\it
such determination without isolation of the inert tracer, and morc'preferably should permit such

determination on a continuous and/or on-line basis.
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19 water. The sidestream 28 is ahead of the bl owdown \r/% at&%—‘iﬁ’h@’\s BEEN

concentration of inert tracer nonitored by the instru ht at | GEPLHCH

normal ly fluctuate fromthe [err] |ow v&l(le, at the poi n [
period after the feedwater rate exceeds the normal bl owdown rate, to th
hi gh value [err] at a point within the tinme period before the nornal

bl owdown rate exceeds the feedwater rate. The instrunmentation would include
one or nore setpoints. A low setpoint, for instance, would be bel ow t he
normal CL val ue, and the reaching of such set point would be a

The present invention is a method of determining leakage from a boiler water system
wherein steam is generated in a boiler from feedwater fed to the boiler, the feedwater
introducing impurities to the boiler water and the concentration of the impurities in the boiler

* water within the boiler is reduced by withdrawing fractions thereof as blowdown while
admitting additional feedwater as boiler-water makeup. The boiler would have a concentration
cycle value, the concentration cycle value being the average value of the concentration of an

' 1 | inert component in the blowdown at steady state C;; divided by the concentration of the inert
component in the feedwater C;. The concentration of the inert component in the boiler at steady
state varies from a high concentration Cg , having a value that is higher than C;, to a low
concentration C,, having a value between the C, and the C;, within a time period. The method
comprises:

employing as the inert component an inert tracer added to the boiler water at a rate
cquwalcnt to a known conccntratxon C;of the inert tracer with respect to the feedwater;

C sensing a charactcnsuc of the inert tracer in the boxler at steady statc cquwalcnt to its

[
.

concentration in the boiler water;
converting the sensed characteristic to a value equivalent to the concentration of the inert

tracer in the boiler water;
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}[/ari anCﬁ indihcator. A high setpoint would be at about [err], and a failure
0 reach such setpoint would be a variance indicator. | [ bf=nt hle
inert tracer concentration in the feerg ter of a boil eI% %&%%%@N
values of 50 is 1 ppm its average corgéntration in nor

C,) would be 50 ppm Its high value in the boiler [err] may be about 55
ppm and its low value [err] would be for instance about 45 ppm I|f the
tracer concentration in the boiler fell to 40 ppm there would be a 20
percent difference between this reading and the average [err] reading of 50
ppm and about an 11 percent difference between this reading and the nornal
| ow i nert tptiomally reachiding the cyélic cimeensration flugtyatien of the insitdracer frod G dnat er
rate if the boiler is a constant steamload boiler. This feedwater rate
changédn\thebeildravatet andrel y difficult to detect with any assurance using a
normal anal yzer havi ng an accuracy of about [err] 3% because the feedwater

rate activation of a signal upon the detection of an indicator of a variance in the cyclic

concentration fluctuation of the inert tracer that is consistent with a leakage of boiler water.

In preferred emboditﬁent the variance indicator is an inert tracer concentration in the
boiler that has value less than that equivalent to the normal low C, concentration of the inert
tracer or an inert tracer concentration in the boiler that fails to reach the normal high Cy
concentration within a time period B, the time period B being at least about that of the time
period in which the fluctuation of the inert tracer between Cy and C; normally occurs. In
preferred embodiment the variance indicator is an inert tracer concentration in the boiler that has
value less than that equivalent to the normal low C, concentration of the inert tracer and wherein
the variance indicator is a concentration of the inert tracer of C,-C; , wherein C; is at least about
S percent of the value of C,.

In preferred embodiment the variance indicator is an inert tracer concentration in the
boiler that fails to reach the normal high C; concentration within a time period B and wherein

the boiler has open/close blowdown valve operations and the time period B is measured from the

closing of the blowdown valve to the time at which the blowdown valve would normally reopen.

_—
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change woul d be on the order .of only about 0.5% (In a-ton
boiler, the feedwater rate i's the steamrate plus t he :pIT6iw
the steamrate for a boiler having a cycles value of abou a1 1=
about 200 tinmes the normal bl owdown rate. Flow neters are 20 generally
not used to determ ne normal blo flow rates because of fouling and
accuracy problens.) As noted above, a drop in the CL value fromthe normal
| evel or failure to reach the

In preferred embodiment the boiler system has a normally-open blowdown valve that
adjusts the blowdown rate depending upon some indicated component build-up within the boiler,
wherein when the inert tracer concentration in the boiler has a value less than that equivalent to
the normal low C, concentration of the inert tracer, the normally-open blowdown valve would
close in response to the reading, and wherein the tracer monitoring apparatus is ahead of the
blowdown valve and the monitoring apparatus sees a tracer concentration while a flow meter
downstream of the blowdown valve sees no flow, and the combination of conditions is the
variance indicator.

In another preferred embodiment of the present invention, the boiler system has a
normally-open blowdown valve that adjusts the blowdown rate depending upon the
concentration of the inert tracer within the boiler. If leakage has started, when the inert tracer

concentration in the boiler has a value equivalent to the normal low C; concentration of the inert
tracer, the normally-open blowdown valve would close or there would be no blowdown flow
through the normal blowdown line, because the water lost from the boiler due to the leak is a
w +! sufficient amount of blowdown to satisfy the C, concentration condition. The concentration of
the inert tracer would eventually fall below the C, concentration as the water loss from the leak

increases. Before the inert tracer concentration falls below its normal C; concentration, the

closing of the normally-open blowdown valve or no blowdown flow through the normal
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normal [err] while at steady state steani ng rate is indicative of a L eak._
Water has left the boiler by a route other than the genTr@,t,@cb@g@amgﬁgENh

nor mal bl
| eft the
t hat | ost

owdown di scharge, and a proportional anount of |nertH:p@§ggD

B~

boiler with that water. The f wat er control $ystem-has—+eplaced
water with water containing alesser concentration of the inert

tracet, diluting the overall tracer concentration in the boiler water. Such
a | eakage woul d cause a water loss that is mnute conpared to the water
content of the boiler, and yet with an inert tracer that is not affected by
the feedwater purification efficiency, or other variable paraneters of the

f eedwat er,
det ect abl
0.5% i ncr
decr ease

such a water | oss and concomtant inert tracer dilution is

S, FHE Gl WAL e B BonRm BT fiind Pl SRUTAEMABNY o0,

|n tﬂe tracer %centratl.on frd‘cggllts ayerage of 50 ppmand an 11%

concentration is a vanance in ngal

In preferred embodiment the boiler system has a normally-open blowdown valve that
adjusts the blowdown rate depending upon some indicated component build-up within the boiler,
wherein when the inert tracer concentration in the boiler has a value less than that equivalent to
the normal low C, concentration of the inert tracer the normally-open blowdown valve would

close in response to the a reading, and wherein the tracer monitoring apparatus is downstream of

the blowdown valve and the apparatus sees no tracer concentration and that condition is the

variance indicator.

In other preferred embodiments the variance indicator is an inert tracer concentration in
the boiler that has value less than that equivalent to the normal low C, concentration of the inert
tracer or an inert tracer concentration in the boiler that fails to reach the normal high Cg
concentration within a time period B, the time period B being at least about that of the time
period in which the fluctuation of the inert tracer between Cq and C, normally occurs, and
wherein the variance indicator is an operating parameter of the_ boiler system and the signal is
activated only when the variance indicator is detected at the same time that an imbalance in the
operating parameter is seen. For example, the fluctuation of the inert tracer concentration in the

boiler water between Cy and C, is compared to the balance in steam load in the boiler

-
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decrease in the tracer concentration fromits normal |ow.xalue of 45 ppm
The amount of the water |oss and the precise dilution off they §0eEf HhEHERN
need not be quantitatively determ ned, although such qudntitaRiepgaceD

det er i nations can be easily made using4he nethod of t at

I nvention. The fact that it is occurring alone will be an inval uable
| eak-al ert benefit to a boiler operator. 21 Instrunentation

determined from flow signals, and an imbalance between the rate feedwater is ﬂov(ing into the
boiler and the rate steam is being discharged therefrom must be seen by the monitoring
apparatus at the same time the variance indicator in the normal fluctuation of the inert tracer
concentration indicates a leak before the signal is activated. In another example, the fluctuation
of the inert tracer concentration in the boiler water between C, and C, is compared to the
balance in the holding time of the boiler and a calculated blowdown rate of the boiler, and an
imbalance between the holding time and the calculated blowdown 'rate must be seen by the
monitoring apparatus at the same time as a variance indicator in the normal fluctuation of the
inert tracer concentration indicates a leak before the signal is activated.

In preferred embodiment the inert tracer is fluorescent, in which the sensed characteristic
of the inert tracer is the intensity of the inert tracer’s fluorescence emissivity. In more preferred -
embodiment the selection of the inert tracer, the amount of the inert tracer added to the boiler
water and wavelengths of excitation and emission selected for sensing the inert tracer’s
fluorescence emissivity provide a relative fluorescence of the inert tracer of at least about § for
the background fluorescence of the boiler water. In another more preferred embodiment the C,
concentration of the inert tracer at the steady state is at least about 1 ppb. In preferred
embodiment the C, concentration of the inert tracer at the steady state is at least about 1 ppb and

the Cy concentration of the inert tracer at the steady state is no more than about 200 ppm. The

_
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The preflerred instrunentation for continuously nonitorin
in the boiler is shown schematically in FIGURE 2 and desijghdiSe¥HE57 s BEEN
genera) ‘reference numeral 110. It contains several major (lconpofiERLACER. A
sensor or detector 112 for deterniningﬁfion1an on-stream characteristic of
the inert tracer its concentration in the sanple, including an analyzer 114
for nmeasuring the characteristic and a transducer 116 (a power-transform ng
device inserted between parts of comunication systens) that generates an

el ectrical_signal ) i ' LSy 2.

oo b AT g R b, AR FORAE0A LRl e BB

An LED di'tf CLToni c a recor : er
o a5 AR R AL T o SBER) £ ol o
_ 2-naphthalene sulfonic acid, 1,5-naphthalene disulfonic acid or 1,3,6,8-pyrene. In another more

_ preferred embodiment the C, concentration of the inert tracer at the steady state is from about 5
; Ppb to about 7 ppm.

The inert tracer is preferably introduced into the boiler as a component of the feedwater
in the known concentration C, therein. In more preferred embodiment the average cycles value
of C/C, is determined by the average concentrations of the inert tracer in the feedwater and the
blowdown and_the cycles value is compared to a standard operatihg cycles value for the
operation of the boiler, and in which the blowdown rate may be changed if the determined cycles

~ value is not the standard operating cycles value.

Unless expressly indicated otherwise herein, the inclusion of a prefix or suffix in

: parenthesis designates the word with such prefix or suffix as an alternative. For instance,

"specie(s)" means "specie and/or species”, "determination(s)” means "determination and/or

% determinations”, "technique(s)"” means "“technique and/or tcéhniqucs", “location(s)" means ,
"chemical(s)" means "chemical and/or chemicals”, "component(s)" means "component and/or
components", "tracer(s)" means “tracer and/or tracers”, and the like. By "ppm" is meant "parts

per million” by weight. By "ppb” us meant "parts per billion” by weight.

\
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3. Aleak-alert signal 150 that is activated when the; r%f
the inert tracer fails to reach the predeterm ned hig f ﬁ@ § %Qq
in the predetermned nornal cycle tine p@ reh od or ever all eln
predeterm ned | ow concentration [err]; cg 24. A feedback controller
(monitor) 140 that allows the signal 150 to be activated depending on the
on-stream anal ysis of the concentration of inert tracer represented by the

vol tage signal fromthe transducer 116. 22

iof

The concentration of the inert tracer in the boiler for the purposes of the present
invention is determined by the concentration of the inert tracer in a boiler water sample, which
.gmcrally would be after that sample has been rcmovcd from the boiler, and such sample is thus
within the broad definition of blowdown regardlcss of whether or not such samplc is dcnved
from the normal blowdown line or not. The terminology of "normal blowdown" excludes water _
lost from a boiler by leakage but not a water stream monitored for the concentration of the inert
tracer whether such stream is part of or separate from the blowdown flow set to remove

impurities from the boiler.

_—
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After addition of the known concentration [err] to the f V\idL I
istakea—##em—a—eomenjﬁmblowdovmtaplocation and is %7‘5? a
\ condwtﬁ 130 (such as al ong bl owdown si de trea Ll

|n=to H”‘ucﬂ L"I an anal észf 114 where the concentration of the

|nert tr r sanpl e anal yzed continuously. The
concentration of the |nert tracer is nmeasured on a real-tinme basis by this
anal ysis of the inert tracer concentration. Cycles at a steady state are
nmoni tored and cal cul ated first before the high concentration [err], the | ow
concentration CL and the normal cycle tine period are determ ned and set
for the leak-alert signal 150 that is activated when the on-stream analysis
of theWei€ldimtracer fails to reach the high-concentration [err] within the
normal cycle time period or ever falls to a predeterm ned concentration of
[err], which is a value less than CL. In addition, the percent

1. A method of determining leakage from a boiler water system wherein steam is
generated in a boiler from feedwater fed to said boiler, said feedwater introducing impurities to
the boiler water and the concentration of said impurities in said boiler water within said boiler fs
reduced by withdrawing fractions thereof as blowdown while admitting additional feedwater as

| ﬁboilcr—watcr makeup, said boiler having a concentration cycle value, said concentration cycle
value being the average value of the concentration of an inert component in said blowdown at
steady state C; diyided by the concentration of said inert component in said feedwater C,, said
concentration of said inert component in said boiler at steady state varying from a high
concentration Cq, having a value that is higher than Cg, to a low conccntrgtion Cy, having a
value between said C; and said C;, within a time period, comprising:

employing as said inert component an inert tracer added to said boiler water at a rate
equivalentto a known concentration C, of said inert tracer with respect to said feedwater;

sensing a characteristic of said inert tracer in said boiler at steady state equivalent to its
concentration in said boiler water;
converting said sensed characteristic to a value equivalent to said concentration of said

inert tracer in said boiler water;
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hol di ng tinme may be calculated if desired. The anal yzer I
10HIR SR TCHAD BEER

Tur ner Luﬂmw,u"m Gal i fornia) Model Fluoroneter
fl ow press E pSI This fluoroneter has a 0j{3- cenBEREAGED
di aneter and a°two-i"!ich | eng. f | owcel 8132, which allows for & rarge

fl uorescence intensity, the fluorescence intensity froma given source
bei ng proportional to cell path. In general, any fluorometer, with a | arge

pat hl ength, and excitati ch@{@aggﬁ&cgi QEgi\Qlt\Ei?oﬁ” th&VaSl &l {ddVog €8 ON can

be used.

indicator of a variance in a cyclic concentration
fluctuation from Cy to C, of said inert tracer that is
consistent with a leakage of boiler water.

S 2. A method according to claim 1 which
includes recording said cyclic concentration
fluctuation of said inert tracer from Cy to G, in sé.id
boiler water.

3. A method according to claim 1 or claim 2

10 wherein said variance indicator is an inert tracer
concentration in said boiler that fails to reach said
normal high Cy; concentration within a time period B,
said time period B being at least about that of said
time period in which said fluctﬁatién of said inert

1s tracer between C, and C, normally occurs.

4. A methoed according to claim 1 or claim 2
wherein said variance indicator is an inert tracer
concentration of said inert tracer.

5. A method according to claim 1 or claim 2

20 wherein said variance indicator is an inert tracer
concentration in said boiler that has value less than
that equivalent to said normal low C, concentration of
said‘in'ert tracer and wherein said variance indicator

is a concentration of said inert tracer of C,-GCp,

25. wherein C, is at least about 5 percent of the value of
Cye-
_
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23 The fl owmcet+—132+s—a¢guartz cylinder having the dinge

The flomce S trans arant to ultraviol et radiatio[ ki Ay, £qh
source dir l@‘ﬂmﬂl ﬂl'ﬂ side of the flowcell 132. A ?‘Feﬁgfcggggﬂf@d
t he Ilght S sduceréygﬁ whi ch transf or s tihe—eat=ssivwi-ty—pt—
the fluorescent inert tracer into &8 to 5 volt DC vol tage, em ssivity (and
therefore voltage output) varying wth the concentration of the inert

tracer. An LED indicatgor 118 is, r onsive to th output vol tage of the
transducer 116 (0 to SGVOIPsmeEk?E 4&? ﬂf&FiGﬂaéﬂ Zhe inert

b -
br intout Cof i APEEFES afid P %erﬁa% g IR, S?S%%Sa e &, e%&%.eﬁhoh's”ﬁ ne
basis to the Ve +£§g§tQHEEﬁﬁ {R ]ﬁékf(lﬁgk'?éxfda@ﬁ§%- ggléransducgr

116 el enment inc I'n the ana yzer
normal high C,; concentration within a time period B and

=g

S wherein said boiler has open/close blowdown valve
operations and said time period B is measured from said
closing of said blowdown valve to said time at which
said blowdown valve would normall reopen.

7. A method according to claim 1 or claim 2
10 wherein said boilder system has a normally-open
blowdown valve that adjusts the blowdown rate depending
upon an indicating component build-up within said
boiler, wherein when said inert tracer concentration in
gsaid boiler has a value less than that equivalent to
15 said normal lqw(;,concentration of said inert tracer,
said normally-open blowdown valve would close in
response to said reading, and wherein tracer monitoring
apparatus is ahead of said blowdown valve and said
monitoring apparatus sees a tracer concentration while
20 a flow meter downstream of said blowdown valve sees no
flow, and said combination of conditions is said
variance indicator.
8. A method according to claim 1 or claim 2
wherein said boiler system has a normally-open blowdown
25 valve that adjusts the blowdown rate depending upon the

concentration of said inert tracer within said boiler,

. R
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A nDnitor*iﬁU“ﬁEVTﬁa’—"azz;}elay contacts is in communi i S
out put of gﬂl““ 6: which in effect eval uates t fleTgensatrais eeenf |
i nert tracgm‘ m“l tion does not reach the high oncenpaaLAgaD
standard s or the'irfert” tracer [err or the inert tracer-coRcer

falls below the normal level [err] tH e I's a variance indicator which is

indicative of a potential |leak and the signal 150 is activated. The
set poi nts (not sho i n thgenonl gr 140 corresponding to these rel ays may

be, for exanple, FFF&nﬁ In§at ﬁ??FFaEE%Fe¥eﬁﬂﬁﬁﬁ?%&ﬂ%ﬂ°43ﬁ9<§ilﬂ (not
h || h h Fl d at, eith
of the setpoinis, Brii8anras:d VRLHF eSuivalety Yoyt el AR Y £ Bsca. o 4
to 20 nillianps SIsaeeehérgeEsaaaedsm%é& LAY (G 3 hokthalley20

mllianps signal output to the boiler operator’s
open blowdown valve is closed or there is no blowdown

S flow through the normal blowdown line, and said
combination of conditions is said variance indicator.
9. A method according to claim 1 or claim 2
wherein said boiler system has a.hormally-open blowdown
valve that adjusts the blowdown rate depending upon
10 some indicated component build-up within said boiler,
wherein when said inert tracer concentration in said
boiler has a value less than that equivalent to said
normal low C, concentration of said inert tracer said
normally-open blowdown valve would close in response to
1s said reading, and wherein the tracer monitoring
-abparatus is downstream of said blowdown valve and said
apparatus sees no tracer concentration and that
condition is said variance indicator.
10. A method according to claim 1 or claim 2
20 wherein said variance indicator is an inert tracer
concentration in said boiler that has value less than
that equivalent to said normal low C, concentration of
said inert tracer or an inert tracer concentration in
said boiler that fails to reach said normal high C,
25 concentration within a time period B, said time period

B being at least about that of said time period in

This Sheet Has Been Reﬂ ced
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24 signal panel bus or distribution contrgl~system:

shown). The c RMilﬁ@i ;‘m 140 as shown in FlI GURE 2 |5T'é i g BEEN
nDnltor t he c nert tracer in the boiler. - EEEIIQ[4”
can be' set to nDnltor t he feedwater term ne the concentration of the

tracer.- Mnitor readouts for both fee er and bl owdown sanpl es may be
ratioed to determ ne the cycles value when the steady state is reached.

Percent |ife holghfignt 5a8qMEYuOEuLe 4 S Sshid {pat hetisal manfodeece

record invol ving continuous nonitoring and cycles Is
and C; normally occurs, and

wherein said variance indicator is operating
parameter of said boiler system and said is activated
5 only when said variance indicator is detected at the
same time that an imbalance in said operating parameter
is seen.
11. A method according to claim 1 or claim 2
wherein said fluctuation of said inert tracer

10 concentration in said boiler water between C; and C, is
compared to the balance in steam load in said boiler
determined from flow signals,

and wherein an imbalance between the rate
feedwater is flowing into eaid boiler and the rate

15 steam is being discharged therefrom must be seen by
said monitoring apparatus at the same time said
variance indicator in said normal fluctuation of said
inert tracer concentration indicates a leak before said
signal is activated;

20 12. A method according to claim 1 or claim 2
wherein said fluctuation of said inert tracer
concentration in said boiler water between Cy and Cp is
compared to the balance inh the holding time of said
boiler and a calculated blowdown rate of said boiler,

25 and wherein an imbalance between said holding

time and said calculated blowdown rate must be seen by

—_—
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graphically depicted 1n FIGIRE 3. Tmo | abor at ory cal i br ag@ o—he—
checked usi for instance, 0.5 and 0.6 pjpriit!S SHBRT hlSEBEEN .
sul fonic acirﬁn mnﬂmﬁ!ll The mstrumant woul d then Jpe calRERIAGHED fi rst“
agai ndt distitl wat er ess sinulation site and therm agarnst
a 0.6-+ppm 2-NSA tracer standard Af er such a calibration exercise, the

I nstrument woul d then be used to continuously nonitor a boiler receiving

f eedwat er dosed \gé% O g Nppbd £ a?&?é’a@fttlfg Ao fathe ?fa Ias to the

inert tracer was ac I n the boiler. The cyclic rise an of the
inert tracer conGaifiaidONAdiddteoDoin edaid tdbrindlE flictaMidn) Jf @dRE 3.
and at tinme T-5 there is shown a deviation fromthe normal cyclic
concentration changert heicen colcamtrfttiin GaRticRitedt 120N cakBdfore isaid
reached, indicating that a | eakage in this hypothetical boiler system may
have started. signal is activated.

5 13. A method according to any one of the
preceding claims wherein said inert tracer is added to
said boiler water as a component of a formulated
product and said value equivalent to said concentration
of said inert tracer in said boiler water is the

10 concentration of said formulated product. |

14. A method according to any one pf the
preceding claims wherein said inert tracer is
fluorescent, in which said sensed characteristic of
said inert tracer is the intensity of said inert

15 tracer’s fluorescence emissivity.

15. A method according to claim 1-wherein the
selection of said inert tracer, the amount of said
inert tracer added to said boiler water and wavelengths
of excitation and emission selected for sensing said

20 inert tracer‘’s fluorescence emissivity provide a
relative fluorescence of said inert tracer of at least
about 5 for the background fluorescence of said boiler
water.

16. A method according to any one of the

25 preceding claims wherein said C, concentration of said
inert tracer at said steady state is at least about 1

\'_\
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25 Froma continuous register printout such as that sh L
a sinple mmmnrone or verify if the cycles aje O%E:LAE
backgrou ﬂn ““& ndition (no tracer) is known

of 10!5), *the startirfg doncentration of tracer in the feedmater I s known

%E‘EN s

oy e s .

(6.5), and al so the nornmal blomdowﬁfponcentratlon at steady state (70).
cycles value is therefore [err] (70 - [err]) = 10.2. The invention may be
enpl oyed concomtantly mnth t he detern1nat|on of other boiler

10

15

20

25

ppb.

17. A method according to claim 16 wherein said
C, concentration of said inert tracer at said steady
state is no more than about 200 ppm.

18. A method according to any one of the
preceding claims wherein said C, concentration of said
inert tracer at said steady state is from about 5 ppb
to about 7 ppm.

19. A method according to any one of the
preceding claims wherein said inert tracer is a
monosulfonated naphthalene, disulfonated naphthalene,
trisulfonated naphthalene, a sulfonated pyrene or
water-soluble salt thereof.

20. A method according to claim 19 whérein said
inert tracer is a water-soluble salt of 2-naphthalene
sulfonic acid or 1,S5-naphthalene disulfonic acid.

21. A method according to claim 19 wherein said
inert tracer is a water-soluble salt of 1,3,6,8-pyrene
tetrasulfonic acid.

22. A method according to any one of the
preceding claims wherein said inert tracer is
introduced into said boiler as a component'of said
feedwater in said known concentration C; therein.

23. A method of claim 22 wherein said average
cycles value of C./C; is determined by the average

concentrations of said inert tracer in said feedwater

The
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oper at i ona ms' it will be seen that a conti jubis Jr&cordihg=sh r
t he tracer“mmmmm s: a stabl e conponent, permts accuraﬁéPLF’\C‘:D l
determ nati en of endught C'CF points during the concentratiom perrod to plot
the stftaight line of various values ofg=lgn [err] in Formula Il or to

determ ne the slope which gives the ir‘ﬁ se or reciprocal of the boiler
const ant K. Knowi amyd Ksa bdidbkowdduny dred raid heyekdenowmisiel nst gempakddngot i ne
equation of [err] wherein (P) synbolizes percent life of conponent C and P
= [err] x 100, wheretanfard]operaiig cPYFHes orrbie £ Henereratipn: pé
desired %1T, and where [err] -steady staie bailer. copncentration of .conponent
C, permts the hoFdtg ?‘Lﬁl‘t oa"b‘il I%lﬂﬂ'gl?e .eebl_ow own rate or a ass3be

of a treating agent is changed if said determined

cycles value is not said standard operating cycles

value.

\
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26 Inert Tracers The inert tracer nust be t5Q§sportabh
the boiler system (except of course the wat€er’ di schar
steam) and thus wholly water-soluble therein at he con
used, under the tenperature and pressure conditions to be encount ered.
Preferably the selected inert tpETBETEONOOFebEAKAGRE IN|Powing criteria: 1
Be thermal |y stable and not. deconpose at the tenperature within a boiler;

2. B& detectable on a continuous or sBRTEBRt$F¥ basi s and susceptible to

ABSTRACT

Leakage of water ﬁ'oxﬁ a boiler water syst.em wherein ;tcam is gé'ncrated in a boiler ﬁ‘om ‘
feedwater fed to the Boilcr, and the conccqtration of impurities in the boiler water-within the
boiler is reduced by withdrawing fractions thercof as blowdown while admitting additional
feedwater as boiler-water makeup, is determined. The boiler has a concentration cycle value, the
concentration cycle value being the average value of the concentration of an inert component in
the blowdown at steady state (Cy) divided by the concentration of the inert component in the
feedwater (G). The concentration of the inert component in the boiler at steady state varies
from a high concentration Cy , having a value that is higher than G, to a low concentration C,,
having a value between the (C) and the (C,), within a time period. The method comprises:

c_mploying as the inert component an inert tracer;

sensing a characteristic of the inert tracc.r in thc.boilcr at steady state equivalent to its
soncentration in the boiler water;

converting the sensed characteristic to a value equivalent to the coﬂccn&ation of the inert
tracer in the boiler water; and

activation of a signal when a variance in the cyclic concentration fluctuation of said inert

tracer occurs that is consistent with a leakage of boiler water.

-
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concentration neasurenents that are accurate, repeatabl§1amgsg&EaMA§Eﬁ&N h
bei ng perforned on feedwater and bl owdgwn water, 3. Be Bubst omgrLAGED
foreign to the chemical species that anornally prese 0
"the boller systenms in which the inert tracer may be used; 4. Be
substantially inpervious to interference from or biasing by, the chem cal
species hat are normally present in the water of the boiler systens in
which the inert tracer may be used; 5. Be substantially inpervious to any
of its own potential specific |osses fromthe water f the boiler system

i ncluding selective carry-over, 6. Be conpatible with all treatnment agents
enployed in the water of the boiler systens n which the inert tracer may be
used, and thus in no way reduce the efficacy thereof;

12
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27 7. -Be conpatible with all conponents of its formulati peiqsmtiee
conpatibility preferably shoul d endurﬁiﬁfspi te the req ii rad SoFERHAS &5Ebn
- of the tracer and/or other conponents such a fornul gt i on, REPHAGEDDI t
the st orage and/or transportation conditions encount er ed—afd0. DBE
reasofpably nontoxic and environnentally safe, not only within the environs

of the water of The boiler systemin which it nay be used, but al so upon
di scharge therefrom

 Sonmmrn = 5 S

; o\
— B T 1
< /‘ L ‘
= |1 I { S
! 1 b2 T |
! | | l}_— I
: | l ! il
! I 4
! 1 St
R
{ ! = {
: Y
9?\} } { Lt__x;
1 3
LMY T |
Ty = $0
SN
X
NN
N
N 3
_ &
oy
s}
<

Sheet Has Been Reﬂlaced

T




Generally it is desirable to enploy the | east anount of i
is practical for the circunstance, and the anmount of the
to the water of the boiler systen1shq%lﬂnbe at | east an ;
for tHe déterm nations desired. Seldo uld an inert tracer be
deliberately fed to the water of a boiler systemin an amount grossly in
excess. of the mninum effective amount because there generally would be no
practical purpose in doing so that would justify the costs involved and any
del eterious effects on the quality of the water of the boiler caused by the ..
presence of the inert tracer therein. The anmount of inert trager to be

added to the water of the boiler systemthat is effective wtQgout being
grossly excessive will vary sitheA variety of factors includi §g, wthout
limtation, the inert trace?’and-nnnltorlng met hod sel ected, fhe potenti al
for background |nterference.mnth'the sel ected nonitoring met h d, the
magni t ude of ' :
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the expected inert tracer concentration in the bl owdown, i S@Qﬁiﬁﬁ;&
node ( which generally 28 woul d be anqu-line cont i nuQqus NOREPOACER
| :

node), and other simlar factors. Cener t he dosage of
to a water of the boiler systemw || be at' | east sufficient to provide a
conceptration of tracer in the bl owdown at steady state of at |east about
0.1 pgb, and nore commonly at | east about 5 ppb or higher, up to about 100
or 200 ppm in the blowdown. By the terns "tracing” is neant herein, unless
expressly indicated otherw se, the o
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determ nation of the concentration of the inert tracer(s) in the bl owdown.
Such traci ng woul d sel dom be -conducted on a singular, intermitent—or =
sem -conti nuous basis for the purpose of the present inv nﬁéﬁrhcmN?saEEﬁ
on" a substantially continuous basis, and preferably the goncentration
deternination is conducted on-site (at the sitq of the bdi her .S .SbP.- 1996
provide a rapid detection of at |least the fact-that the i

concentration in the boiler or bl owdown has dropped fromthe nornal
concentration or that the bl owdown flow rate has decreased conpared to
normal . The inert tracer is at tines referred to herein nerely as a
“tracer". As noted above, the inert tracer nust be added to the water of
the boiler systemin known proportion to the feedwater, and preferably the
inert tracer is introduced into the boiler systemtogether with the
feedwater at a known and constant concentration therein. The tracer

The present invention is in the technical field of boiler maintenance, and in particular the

detection of leakage in a boiler system.

‘A boiler is a vessel in which water is vaporized into steam by the application of ﬁcat,
typically on a continuous basis. The steam generated is most often used either as a direct or
indirect heat transfer medium and/or to generate electric power. High pressure and/or high
capacity boilers generally are water-tube boilers in which water is circulated within tubes and the
applied heat (combustion products such as flame and hot cornbusﬁon gases) flows across the
outside of the tubes. Some of thcsé water tubes may comprise the walls of the furnace in which
the heat-generating combustion occurs. |

Most water tubes are in thq boiler furnace and therefore leakage in a boiler system can be
a very grave matter. For instance, the serious risk of smclt/ﬁatcr explosions caused by leakage
in rccévcry boilers is well recognized in the pulp and paper industry, and industry-wide efforts
seeking ways to reduce the -risk are on-going. Such goal- is of significant interest to recovery
boiler manufacturers, insurers and pulp mills which operate recovery boilers which burn organic

liquors having high caustic levels. Eiplosions caused by leakage is not a concern for power



e

formul ati.on, or "product”, may be an aqueous sol ution off N6 eer, mt
substantially honogeneous adm xture that disperses with r%ﬂ@n%}ﬁ%ﬁ tly

in the systemto which it is added. Since in 29 nost ad"la\{ejuﬂsgasﬁgi% ”

inert tracer would be added to a boiler systemas a conpfoient.”

formul ation, rather than as dry solid or™eat liquid, the tracer
concentration may be correlated not to the nunerical concentration of the
inert tracer itself but instead to the concentration of a product, which in
turn can be correlated to the concentration of the inert tracer when and if
such -

boilers which burn oil or natural gas, because leaking water will just flash to steam, but
‘nonetheless leakage decreases boiler operation efficiency and increases boiler maintenance costs,
and thus leak detection is desirable. A primary leakage concern for boilers in the chemical
process industry is contamination of process streams, for instance in ammonia production plants
_having an ammonia stream on one side of the boiler wall. The nuclear power generation
industry has a serious need to avoid boiler-water leakage because fluids with a high radioactive

_ " contamination level are under high pressure and a leakage could spread such contamination
_outside of the initial containment. :

Many technologies have been and are currently being developed for detecting boﬂcr
water leaks, particularly furnace-water-wall leaks, at the earliest possible moment. These
technologies include the use of steam drum level control_,- éomputcr algorithm, and others.
Among the recently developed technologies for early leak detection is the use of sodium ion
concentration to detect tube leaks (balancing the ;odium ion mass bcﬁveen the boiler feedwater

- . and blowdown), but the sensitivity of the sodium-specific electrode is affected by pH among
other feedwater variables. Some boiler operators are currently using complex computer systems
in attempts to use boiler operating data for leakage detection with intricate calculations.

A leak detection method of greater sensitivity is needed, because the early detection of -
leaks requires detection of an extremely small.yater loss from a dynamic water system. A leak
detection method of great sensitivity must be independent of chemical species that might be

3



information is required. In preferred enbodi nent, the c .%bEﬁg!mQ!lﬂﬂﬁﬁ)

selected as an inert tracer(s) should not be one that ijg consuned or | ost
to the water of the boiler system for instance due to %lgé’idatZ(ﬂEPI%
deposition, conplexation, or other phenonmena, unless su -

loss is at a rate that is predictable. “Thegnert tracer(s) used in the
present- invention is preferably substantially unconsuned in the use
environnment. An inert tracer(s) that is wholly inert in the water-system
envi ronment woul d not react with any of the conmponents in the water of the
boiler systemto which it is added, would not degrade in the environnment of
the water of the boiler system would be incapable of coupling and/or

appr oci g i B IRk oo Gl R il S UBLERRARE BE M L i ca

demineralizer, mixed bed polisher or other techniques used to purify the feedwater prior to

introducﬁén into the boiler.

It is an object of the present invention to provide a boiler-tube leak detection method of
great sensitivity that is both cost efficient and relatively simple to operate , especially

Y

in éetecting an extremély small water losé from a dynamic
-.'_,},oiler water system, and is independent of quality variations
in boiler feedwater, and thus is independent of the operationai
efficiency of techniques such as the demineralizer, mixed bed
polisher or other used to purify the feedwater prior to

introduction into the boiler.

Disclosure of the Invention

The present invention provides a incthod of determining leakage from a boiler water
system wherein steam is generated from the feedwater fed to the boiler, and the concentration of
impurities in the boiler water is réduccd by withdrawing fractions thereof as blowdown while
admitting additional feedwater as boiler-water makeup. Such a boiler has a concentration cycle

value, which is the value of the average concentration ("C,") of an inert component in the



conposition, heat changes or heat content. There are
tracer(s) that are wholly inert, or substantially inefit

environnments likely to be encountered in industrial bdi
Further,

MENEsHEET t
| n e aqueous

......

it is believed that an inert tracer(s) havingLaZdedrea

i nertness such that no nore than 10 wei ght pefcent thereof is |ost due to
reacti on, degradation, coupling and/or deposition during the tine that

el apses between its addition and its discharge as a bl omdown conponent is
sufficiently, or substantially, inert for the purpose of the present

T

normal blowdown at steady state divided by its concentration ("C,") in the feedwater. The
concentration of the inert component in the boiler at steady state varies from a high
concentration "Cy ", having a value that is higher than C;, to a low concentration "C.", having a

value between the (C,) and the (C;), within a time period A. This method is comprised of the

following steps:

—— "

1. Employipg as the inért component an inert tracer added to the feedwater'at a rate
equivalent to a known concentration (Cl) of said tracer in said feedwater:
| 2. Sensing a characteristic of the inert tracer in the boiler at steady state equivalent to its
concentration in the boiler water;
3. Converting the sensed characteristic to a value equivalent to the concentration of the

inert tracer in the boiler water;

4. Optionally recording the cyclic concentration fluctuation from Cg to C; of the inert
tracer in the boiler water; and

5. Activating a signal when a variance in the cyclic concentration fluctuation of the
inert tracer occurs that is consistent with, and thus indicative of, a leakage of boiler water.
The concentration of the inert tracer in the boiler at any point in time is determined from the

concentration of the tracer in a sidcstrca;n that taps the boiler water, which preferably is a



I nvention for nost, if not all, tracer nonitorings.

and trisul fonated napht hal enes, including their wate
particularly the various napht hal ene nono- and di sul 1 Td I SONEers,
which are a preferred.inert tracer(s) forngfe in the present invention. The
napht hal ene nono- and disulfonic acid iso s are water-sol uble, generally
avai l abl e conmercially and easily detectable and quantifiable by known

fl uorescence anal ysis techni ques. Preferred naphthal ene nono- and
disulfonic acid isoners are the water-soluble salts of naphthal ene sulfonic
acid ("NSA"), such as 2-NSA, and napht hal ene disulfonic acid ("NDSA" or
"NDA"), for instance 1,5-NDSA. Many of these inert tracer(s) (nono-, di-

and tri sukijestriatitoffalpdblogidenadinenadd Mhichipreferitiy taps the builer eater @fml gontinuous
conpatible with

- basis.

There are a plurality of indicators of the occurrct;cc of a variance in the cyclic
concentration fluctuation of the inert tracer consistent with a leakage of boiler water, and a given
boiler may pc monitored for one or more of such variance indicators.

Ina préfen'ed embodiment of the present invention, the variance indicator is an inert
tracer concentration in the boiler that has a value less than that equivalent to the normal low C,,
concentration of the inert tracer, for instance an inert tracer concentration of C;-C,, prcfcxjably
wherein C,, is at least about S or 10 percent of C, and thus signal activation occurs when the
tracer concentration in the boiler falls to 90 or 95 percent of its normal lowest concentration.

' Suéh a variance indicator is not time dependent and a condition consistent with water leakage
from the boiler is indicated whenever such a variance indicator occurs.

In another preferred embodiment of the present invention, the variance indicator is an

inert tracer concentration in the boiler that fails to reach the normal high C;; concentration within
- a set time period, referred to herein as time period B. That time period B could be set at about

twice that of the time it nor'maHy takes for the concentration of the inert tracer to rcé.ch the Cy

concentration from the C, conccntratiﬁn, which normal time frame is referred to herein as time |

period A, and is about one-half of a complete inert tracer concentration cycle. In a preferred

embodiment such a variance indicator is monitored in a boiler with open/close blowdown valve



the environments of nost boiler systefrs. Anong these ‘r'BEEt&&MENﬂ@ﬁgE_Jt
tracers, "2-NSA and (1, 5-NDSA) have been found to be t rrralbz/l t@bl.
(substantially inert) at tenperatures up to at |east gphoate: %% '(--F!%'TO 4
[err]), for at least 24 hours at [err] and at pressur 0 apout 1, 500
psig for tine periods commensurate with co rcial boiler holding tines.
Such inert 31 fluorescent tracers have Heen found to carryover into the
st eam di scharged from comercial boilers at concentrations of |ess than 500

ppt when present in the boiler waters at concentrations

operations, and the time period B is measured from the closing of the blow;lown valve, shutting
off the normal blowdown flow, to the time at which the blowdown valve would normally
reopen. In such a boiler the time period B would b.c about equivalent in length to time period A.

In many large boilers the bldwdown valve is normally open and the blowdown rate
would not normally fall to zero. Instead tﬁc blowdown valve adjusts the blowdown rate
dcf)ending u;;on some indicatt-;d iﬁxpurity build-up within the boiler, which indication may be
based on concentration readings of an inert tracer in the boiler as ii fluctuates between Cy and
C,. When the inert tracer concentration in the boiler that has value less than that equivalent to
the normal low C; concentration of the inert tracer, for instance an inert tracer concentration of
C,-C, , preferably wherein Cj, is at least about 5 or 10 percent C,, the normally-open blowdown
valve would close in response to such a reading. If the tracer monitoring apparatus is ahead of
the blowdown valvc,. the analyzer would see a tracer concentration while a flow meter
downstream of the blowdown valve would see no flow, and the combination of conditions would
be consistent with a boiler leak. If instead the tracer monitoring apparatus is downstream of the
blowdown valve, the analyzer would see no tracer concentration and that condition would be
consistent with a boiler leak. ‘

In another preferred embodiment the variance indicator in the normal fluctuation in the

inert tracer concentration in the boiler between Cg and C, would be compared to another

Operating parameter and the potential boiler water leakage signal would be activated only when



within the range of fromabout 5 to 50 ppb, and thus ?Ab%ﬁ&ﬁ$§ﬁ%ﬁ* ot
sel ectively carried over into the stéam and do not c over 1nto_the
steamin any appreciable amount. In addition, it has :qeﬂg[l f ﬂ@cSE;PneBﬁh
contribution to conductivity of the nono-, di- and tr § GHATEg
napht hal enes is mninmal at the ppb levels ed for fluorescence

determ nation in either the boiler feedwatef or the bl owdown. Another group
of inert fluorescent tracers that are preferred for use in the process of
the present invention, particularly under pressures of no nore than about
1,000 psi, are the various sul fonated derivatives of pyrene, such as
1,3,6,8-pyrene tetrasulfonic acid, and the various water-saoluble salts of
such sul fonated pyrene derivatives. The tracer is preferably selected from
anong t haadémb#lancainsush sthey operating parawetsr fsalsp seen. The inert tracer variance indicator

preferably would be either the detection of an inert tracer concentration value less than that
equivalent to its normal low C, concentration of the inert fracer, for instance an inert tracer
concentration of C;-C,, , preferably wherein C, is at least about 5 or 10 percent C,, or an inert

tracer concentration in the boiler that fails to reach the normal high Cy concentration within the

L}

set time pcriod B. Such a variance indicator would be compared, for instance, to the balance in
the steam load determined from flow signals. In this embodiment, an imbalance between the
rate feedwater is flowing into the boiler and the rate steam is.being discharged therefrom must
be seen by the monitors at the same time a variance indicator in the normal fluctuation of the
inert tracer concentration indicates a leak before a signal is activated. in another embodiment,
the other operating parameter is the holding time index. If an imbalance is seen between the
holding time index and the cafculated blowdown rate at the same time a variance indicator in the
normal fluctuation of the inert tracer concentration is detected, then the combined conditions

indicate a leak and a signal is activated

Bref Description of the Drawings
FIGURE 1 is a boiler system comprised of a boiler, a feedwater line, a steam line, and a

blowdown line shown in diagrammatical form.



fl uorescence anal ysis nethod, a preferred anal ytica
purposes of the present process. Qther analysis net JREPLASE ‘il'égwl{%
use in quantifying the inert tracer are HPLC and fl oresc&r?c&Ean Si s
conbi nations, which are described in nmore detail belioWgt® -39 F-rE&cience
Em ssi on Spect roscopy The detection and q:ﬁnt | ficatiom
subst ances by fl uorescence enm ssion spectroscopy is founded upon the
proportionality between the anount of emtted Iight and the

FIGURE 2 is instrumentation for continuously monitoring an inert tracer in the boiler
and feedwater of 2 boxlcr shown schematically.

FIGURE 3 is a graphical hypothetical pcrformancc record involving continuous
monitoring and cycles of a boiler.

HGUI}E 4isa graphical hypothctical continuous register printout for verifying whether

the cycles value of a boiler is proper.

Preferred Embodiments of the Invention

A boiler cycles of concentration is an operating parameter that is either well monitored,
or should be well monitored. Limits on boiler cycles of concentration, so as to limit the
maximum impurity concentration within a boiler, are routinely set by boiler and turbine
manufacturers, water treatment companies and the industrial plants employing the boilers. Such
limitations are intended for, and are generally necessary to, the avoidance of serious scale
formation/deposition despite an otherwise adequate water treatment program. Boiler feedwater,
which normally is comprised of both makeup water and rccirculatéd condensate water, contains
some impurities regardless of the extent to which such waters are treated bcforcgbeing fedtoa
boiler. When steam is generated, substantially pure H,O vapor is discharged from the boiler,
leaving the impurities (the dissolved and suspended solids) behind, which increases their

concentration in the boiler water. The discharged steam is replaced by contaminant-containing



amount of a fluoresced substance present. Wen energy in the fornkof i

i ncluding-ultra violet and visible light, is directed Gel.
fluorescent substances therein will absorb the energy ﬂgﬁ%ﬁ%%%ﬁﬂ %qfﬁé
energy as light having a | onger wavel ength than the a B@Qed )

fl uorescing nol ecul e absorbs a photon resulting in th & s
el ectron fromthe ground energy‘state B an excited state. Wen the

el ectron's excited state relaxes froma higher energy vibrationally-excited
state to the | owest energy vibrationally-excited state, energy is lost in
the formof heat. When the electron relaxes to the ground el ectronic state,
light is emtted at a | ower energy than that absorbed due to the

heat -energy | oss, and hence at a |onger wavel ength than the absorption. The
amount of fesdvatesd An gyier incseagingsondentration ofdigsolned dod suspended soligs inthe beilert he
light is directed into the sanple cell through an optical light filter so

t hat the watghtwonldiireritablydesult in very serious problems, including deposit formation, corrosion,

ght,
|,
t

fogming and carryover, decreased heat transfer efficiency, boiler tube failure or'occlusion, and
the like. Boiler-impurities concentration (boiler solids concentration) is offset by.withdrawing
water as normal blowdown. The heat en‘ergy in the normal blowdown, however, is a major
factor reducing a boiler's thermal efficiency, and therefore a blowdown rate in excess of ﬁ:at
required to limit solids concentration is preferably/ avoid_ed..' An excessive blowdown rate also
unnecessarily increases water costs.

The ratio of solids concentration in the normal blowdown to the solids concentration in
the feedwater is called the "cycle value®, "cycles of concentration”, "concentration cycles" or
"cycles” of a boiler operation. If a boiler is being operated on too low of a concentration cycle,
the blowdown rate is too high and the operation is unnecessarily inefficient. The excessive loss
of heat with the excessive blowdown decreases thermal efficiency and water costs increase at the
same time. If a boiler is being operated on too high of 2 concentration cycle, the blowdown rate
is too low and the potential for solids-derived problems, such as scale deposit and corrosion, is
great. Thus the cycld of concentration is preferably one of the pﬁmﬁry operating parameters
monitored.

The method of the preéent invention may include the monitoring of a boiler operation's

cycles of concentration, U.S. Patent No. 5,041,386, Claudia C. Pierce, Roger W. Fowee, and-
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i s of ta known wavel ength, which is referred to as the:aan#«ﬁﬁﬂdﬁf%@ﬁ%?
and generally reported in nanoneters ("nni'). The enifted | %Ft s siml
screened through a filter so that the ambunt of emit e@mbtg .

at. a known wavel ength or- a spectrum of wavel engt hs, rred to as
t he em ssion wavel ength and generallxl@)so reported in nanoneters. \Wen the
measur enent of specific substances or categories of substances at | ow
concentrations is desired or required, 'such as often is the case for the
process of the present invention, the filters 33

John E. Hoots, issued August 20, 1991, incorporated hereinto by ref&mcq discloses the use of
inert tracers to monitor boiler concentration cycles. Boiler cycles are calculated by adding an
inert tracer to the feedwater being charged to the boiler in 2 known concentration, and thea
determining an analog of its concentration in the normal blowdown. If the cycles value does not
compare to the standard operating value, which may be the cycles value proposed by the boiler
manufacturer or set by the operator or sﬁggcsted by »;ratcr-treatmmt supplier, then the

g % blowdown rate and/or the dosage of water-treatment agent can be adjusted. The inert tracer
preferably is employed to determine the cycles (impurity or contaminant concentration within
the boiler water) on a continuous basis. The inert tracer may be used for other purposes, such as
the determination of percent holding time (half-life time), as a reference standard in the
monitoring of concentration of water-treatment agent concentration level, and the like,
concomitantly with the cycles determination.

‘Boiler cycles (cycles value, concentration cycles, cycles of concentration and the like) as

such terminology is used herein, as understood generally in the boiler field, is the ratio of the

hie

concentration of a particular impurity or component ("IMP") in the normal blowdown at steady
state (final concentration or "C;") to its concentration in the feedwater (initial concentration or

"C,"), which ratio is determined from the following Formula L:

PO -

Formulal cycles = (Cp)/(C) or steady state normal blowdown ¢ ion of I
feedwater concentration of IMP



are set for a specific conbination of excitation and 7SS0 g&@ tihs,
sel ected for substantially optinmum | owl evel neasure HE%FAQéM%ﬁx aF? he
concentration of an inert tracer can be determned fijoma ggMEEP 4896 oflla
sanpl e's enissions intensity to a calibration curve df P#Be-given rracerls
concentration versus em ssions, for t@g same set of excrration

wavel engt h/ em ssi on wavel-engt hs. Such 4 ]concentration-by-conparison met hod
by which the sensed em ssions are converted to a concentration equival ent
preferably is enployed to determ ne concentrations of an inert tracer that
are within the concentration range over which a |inear em ssion response is
observed, and this concentration range is referred to herein as the

"l i near-em ssion-response concentration range". The

| i near - em ssi on-response concentration range is to sone extent dependent
upon the

.and the value, which is an equili_brium value, ﬁl! always be greater than one since the impurity
{IMP in the normal blowdown is always more concentrated than in thg_ f_'eedwater due to water
;. removed as steam. (Upsets in feedwater quality pf a magnitude su;‘ﬁcient to lower the cycles
_ value to less than one are not tolerable in the boiler field and would never occur outside of a
major boiler operation failure.)
In thé process of the present invention, tbe inert tracer is the "impurity" or "IMP" of
; Formula I above, and the acronym *IT" for "inert tracer” can be employed in substitution for the
: "IMP" designation. The present invention exploits the phenomenon that in any prac_tiﬁal boiler
. system operation the C; is not an absolute constant and the cycles value assigned to a boiler
. operation is based on an average value of C,, and thus the present invention goes farther than the
detemﬁnaﬁon of the cycles value and need not include a cycles value determination. Moreover,
for purposes of th_e present invention the inert tracer is to be introduced into the boiler system in
a known and uniform .propm_'tion to the fwdwg_ter, and itis prefcrably, but not necessarily,
introduced into the boiler system as a component of the feedwater in a known and constant
concentration with respect to the feedwater.
Intermediate and high pressure boilers have heat méfer rates in excess of 100,000
Btw/ft*-hr (2,500 cal/m’-hr) and the presence of an even extremely thin deposit layer within the

boiler would cause a serious elevation in the temperature of the tube metal. Therefore the



specific inert tracer and the excitation wavel ength/ rﬁM%Veﬁ*%ﬁr set
enpl oyed. At inert tracer concentrations higher thanja g| % radger's
| i near - em ssi on-response concentration range, there a$$}9¢; evirdl i on
fromideal (linear) behavior, the degree of em ssi onﬁ O a gf Ven
concentration being | ess than predict ed]kb% a linear extrapolation. In such
I nstances, the sanple can be diluted by own factors until the
concentration of the inert tracer therein falls within the

| i near - emi ssi on-response concentration range. If the inert tracer is
present in the sanple at only very | ow concentrations, there are techni ques

for concentrating the inert tracer by known factors until its concentration
fall's pbdwiter g{i'ﬁr,l is %@rmmmwm RORcMBAGENSS itpueitics @duedd With the
ot herw se nore réadily neasured, i nstance by liquid-liquid extraction.

feedwater is very low. These are almost invariably high cycles value boilers with almost
constant steam generation demands. When the cycles values of such boilers are monitored with
the inert tracers disclosed in U.S. Patent No. 5,041,386, which do not appreciably carry over into
the steam, and which can be selectively detected at very low concentrations (for instance 0.005
ppm or less), it has been found that in a given boiler system not only can the average cycles
value be determined from the average C;, but the normal range of the C; fluctuation can also be
determined and a vﬁm& therefrom detected. This can also be done for boilers that are not
intermediate or high pressure boilers. (The only boiler operation parameters that may exclude
the use of some of the preferred embodiments of present invention are pressures in excess of
1,800 psig, which pressures may lead to decomposition of the presently preferred sulfonated
naphthalene and sulfonated pyrene inert tracers that are described below.) |

The process of the present invention, as mentioned above, preferably activates a signal
when such an excursion from the normal range of the C; fluctuation is detected. The variance
indicators discussed above also represent a drop in the normal actual cycles value range (the
actual cycles value fluctuates with.thc fluctuation of C; ), a drop in the normal average cycles |
value and a drop in the normal averaéc Cp after reaching a steady state. Such changes, without
any accompanying change in the boiler steam load (these boilers are normally at constant mass

ﬂbw rates) indicate a leak.



REPLACEMENT SHEET 34 Nonet hel ess, preferably a cali brg,u_ﬁng_uﬁaﬂ&b&-
| i near - em ssi on-response concentration range woul d. be|| (HSANCEHENT SHWEET I
before enploying a given inert tracer, and preferably the ﬂ%W wr
woul d be added to the feedwater of the boiler system

sufficient to provide a concentrati.on the inert trBeesr=a=th
that is within the linear-em ssi on-resiase concentration range. Cenerally
the |inear-em ssion-response concentration range of an inert tracer is
sufficiently broad to readily estimte the anount of the

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

The process of the present invention in an embodiment preferably comprises a
continuous monitoring of the concentration of an inert tracer in a boiler using an inert tracer
introduced with the feedwater. The continuous determination of the inert tracer concentration in
the boiler detects any variance indicator in its fluctuation of the inert tracer between the normal
Cy and C,, and any drop below a setpomt, wluch setpoint is predetermmed based on the normal
fluctuation of the inert tracer between Cy and CL of that bonler, activates a leak-alert signal. The
boiler operator is thereby alerted to the significant potential that a leak is oecurring, and can
activate and/or focus on other system checks and/or in;pectfons (for instance of the firebox
and/or ashpit) to confirm and/or locate the leakage. |

Steady state as such terminology is used herein. as understood generally in the boiler
field, is the condition that exists when the concentration of the inert tracer (or other stable
substance introduced into the boiler with the feedwater) in the water of the boiler'system reaches
a uniform, repetitious cycling fluctuation of the inert tracer from a predictable high
concentration (Cy ) toa predzctable low eoncentranon (C,). which state is reached when the

# transient conditions arising at the start of the mett tracer feed to the feedwater have become
{ neg!igible. For purposes of the present invention, a boiler can be considered operating at a
;&* steady state with respect to the inert tracer when there is no significant ehaﬁge in the fluctuation
‘ of the inert tracer betWeen Cy and C, of the concentration of the inert tracer in the boiler and no

significant change in the blowdown rate, the feedwater rate, the rate of feeding the tracer to the



inert tracer that will be sufficient for this purpose. repiLACEMENT SHEET
| i near - em ssi on-response concentration range w || no§t oft@ ?Ee 1996t hr
a concentration range froma concentration of "ni' to{lapgen ?nt Ll.on..of}f at
| east 10m A determ nation of the presence of a fluo
and preferably the concentration thereof 4 the bl owdown froma boiler
system can be nade when the concentration of the inert tracer in the boiler
is only several parts per mllion (ppn) or even parts per billion. (ppb)
for sone of the inert tracer that can be enployed in the process of the
present invention. In preferred enbodi nent; the anount of a fluorescent

I nert tracer added to the boi I er system shoul d be sufficient to provide a

bout 5 phAlet (e ssnimeaban of w36 e Toeh e e oEodsRes Befains AR s pmingdie

ficall
specifica t¥1e absence of boiler leakage. The loss of water due to a leakage can be considered a

disruption of the steady state that has been reached. To detect a boiler leakage employing the
present process, a steady state as to inext tracer eoncenu'atic;n must first be reached, and the C,
;and/or Cy values or values proportionate thereto, determined.
. Blowdown, as such terminology is understood generally in the boiler field, is water
‘discharged froma bofler system. A sidestream that continuously taps the boiler water for a
continuous monitoring of tracer concentration within the boiler would be considered blowdown
under this broad definition. Water that leaks from a boiler system would also be considered
blowdown under this broad definition. To avoid any confusion of terminology, and to assure
that all blowdown streams are precisely defined, the term "normal blowdown" is used herein
when water loss from a boiler leak is excluded. At the time of its discharge, the normal
blowdown and any other blowdown stream have the same coﬁ:position(s) as the water ;etained
within the boiler system at that time. The stream of water from a boiler that is monitored for

~ purposes of the present invention may be, for instance, a sidestream off a constantly-flowing
normal blowdown stream. Such monitored boiler-water stream also may be a stream from a
#eparate boiler outlet, or a sidestream from the blowdown line ahead of the blowdown valve in a

boiler having an intermittent normal blowdown flow. In any of such instances the monitored

-y



mentioned herein need not be present in the sanple an jﬁéﬁﬁ RER O HETOf
about 5 or 7 ppm Such analyses, that is, the neasurepents o %Mt
emtted in response to the |ight transmtted REPL

bl owdown, can be nmade on-site, preferably on an al nos
continuous basis, with sinple portable edquhpment, such as the phot odet ector
and screens described above. At tines it nay be desired to enploy a
plurality of inert tracers. For instance, it my be

he

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

stream is a part of the "normal blowdown" as defined above, being in all instances inténtional
and of a generally known rate.

The high concentration Cy of the inert tracer in a boiler for a uniformly cycling boiler -
system is higher than the average C, of the normal blowdown, and of course is determined when
a boiler-water sidestream is monitored for the concentration of the inert tracer in the boiler. The
low concentration C,, of the inert tracer in the boile;‘ is lower than the average C; of the normal
blowdown but, since the boiler waéer is never entirely repléccd with feedwater during cycling, it
is never as low as C,.

As mentioned above, the leak-detection function of the present process can be activated
only after a steady state as to the inert tracer has been reached. The time required for reaching
such steady state after a yniform dosage (feed rate) of inert tracer has begun can be calculated

from the following Formula II:

Formula II b= -(M/B)In(1- QQ)

wherein M is the mass of the boiler water (in Ibs), B is the normal blowdown rate (in Ibs/hour),
C, is the concentration or average concentration of the inert tracer in the normal blowdown after
steady state is reached, and C; is the concentration of the inert tracer in the normal blowdown at

time t. The M/B factor is a constant (boiler constant "K") for a given boiler operating under a



o et

desired to use a plurality of inert tracers to co f-ggg{wé\%eﬂﬁbhﬁﬁ‘f s
)
Bt

under goi ng any tracer-specific | oss or one tracer tect r@éﬂw
vari ance and another for the detection . of a differ valid ot her
ted

paranmeter. Such separate and distinct inert tracer
and quantified in a single water H4l@wdown fraction despite both being
fluorescent tracers if their respéctive wavel engths of em ssion do not
interfere with one another. Thus concurrent analyses for nultiple inert
tracers is possible by selection of inert tracers having appropriate
spectral characteristics. Preferably w dely separated wavel engt hs of

radi ati on should be used to excite each of the inert tracers and their
fluorescent em ssions should be observed and neasured at wi dely separated
eni s siniformaoeinahblomsiowh ratep Maar be detemmined froondesigni docaments oc by spikingthde
prepared or obtained for each inert tracer. In other words, nore than one
| ner thoflepgeickowith @ known amount of an inert tracer and measuring the value C, obtained with

the normal blowdown shut off. If ﬁle mass of the boiler water is unable to be known precisely, a
determination that a steady stgte as to the inert tracer has been reached is made when a uniform
average cycles value is seen by monitoring the inert tracer for a period of about one to two
weeks while holding C; constant.

The inert tracer sclection for the purposes of the present invention must consider the
temperature constraints existing on the watcrside of a boiler. The inert tracer preferably is a

fluorescence tracer, as discussed below.

terminati 'of ile les and a

In FIGURE 1 there is shown in diagrammatical form a boiler systém designated by the
general reference numeral 10, comprised of a boiler 12, a feedwater line 14 through which
feedwater "FW™ flows into the boiler 12, a steam line 16 through which the stcam generated

< leaves the boiler 12, and a blowdown line 18 fhrough which normal blowdown "BD" is

discharged from the boiler 12. The delivery of feedwater to the boiler 12 is controlled by a
feedwater valve 20. The discharge of normal blowdown from the boiler 12 is controlled by a
blowdowii valve 22. A sidestream 28 off the blowdown line 18 supplies a'small continuously

cooled sample stream for monitoi'ing the concentration of the inert tracer in the boiler by means



enpl oyed, and then the presence and/ or concentration of [f& SuUcHh el
tracer in the boiler system should be determ ned using rﬁ#@kﬁQEMENTSH ET
paranmeters (particularly the excitation/em ssion wavel e tth)QfSEBfHﬂB fqr
each such inert tracer, which analytical paraneters prefldf@®ly-areg:
sufficiently distinct to differentiate }bg ween neasurenents. FI UOrescence
em ssi on spectroscopy on a substantially continuous basis, at |east over a
given tine period, is one of the preferred anal ytical techniques for the
process of the present 36 :

of appropriate instrumentation 30, whi_cl; is shown diagrammatically in FIGURE 1,andis
discussed in more detail below. A feedwater sidestream 32 is tapped off of the feedwater line 14
and along such feedwater sidestream 32 is a feedwa;ter-monitoring instrumentation 34, discussed
below. "I'he rate at which normal blowdown is discharged from the boiler 12 is dictated by the
balance desired between the rate of introduction of impurities ("solids™) to the boiler 12 together
with feedwater and the rate of solids discharge from the boiler 12 with normal blowdown. The
desired balance is normally an equal balance. The solids discharge rate should equal the solids
introduction rate over a given time period. The concentration of solids within the boiler 12 at
any given time, after steady state is reached, should also fall within predetermined limits.

This balance between the rate of introduction of impurities ("solids") to a boiler together
with feedwater and the rate of solids discharge from the boiler with normal blowdown may be
represented by a hypothetical boiler operation éxample as follows:

(1) The maximum solids.conc_entration within.the boiler at any given time is set for an B
equivalent of 1,000 mg solids per liter of boiler wﬁter;

(2) The feedwater has an average solids concentration of 100 mg)liter, is fed to the
boiler at a rate of 1,000,000 1b/day and thus 100 Ib of solids are fed to the boiler per day;

(3) The average solids concentration in the normal blowdown is equal to tl;e 1,000
mg/liter solids concentration maximum (see 1 above), 100 Ib of solids must be discharged per

day (see 2 above) and thus the normal blowdown rate must be 100,000/1b per day; and



invention. It is one of the preferred analysis techniq
and determ ning the concentration of the inert tracer
and it is an analysis technique having significant ad hBE%

chem cal

disclosed in U S. Patent No. 4,783,314,1® E. Hoots and B. E
Novenber 8, 1988, incorporated herein by reference, wherein inert

fﬁ%gﬁgﬁfvmu%@m
1912, SEEoiae el
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tracers and nonitoring techni ques are now kn

fluorescent tracers are enployed in conbination with a fluorescence

nmoni toring, such as the sodiumsalt of 2-naphthal enesulfonic acid. Wen the
inert tracer is 2-NSA, one of the water-soluble salts of naphthal ene
sulfonic acid ("NSA"), its concentration in the bl ondown froma boiler
system can be {4)uSreansHavinpadn essemtialiyzerd sélidssnitcheisigefierated and dischasged from the
em ssi on neasurenent at 334 nm and the em ssions

boiler at a rate of 900,000 ib per day.
The desired cycles Qalue for such a boiler balance is 1,000/100 = 10. That s, the
concentration of solids in the normat blowglown should be 10 times the concentration of solids in

the feedwater. However, the typical feedwater solid concéntration, due to the pretreatment

~ system operation and the quantities of returned condensate, will have between 2 5% and 25%

variance range. The more pure the feedwater, the greater the variance range and thus the more
difficult it becomes to make accurate boiler cycle measurements from normal feedwater K
impurities. The actual cycles value is more easily measured by continuouslj adding a uniform
dosage of an inert tracer to the feed \éater and monitoring its concentration in both the feedwater
and normal blowdown, along the feedwater line and blowdown line respectively, and
substituting the concentrations determined into. Formula I. (It is desirable but not required that
the inert tracer be monitored along the feedwater line for the present invention.) If the cycles
value determined by the inert tracer was lower than desired, the blowdown rate could be
lowered, and if the cycles vaiﬁe determined by the inert tracer was higher than desired, the
normal blowdown r#té could be increased.

When the blowdown rate is set to provide the desired cycles value, the sidestream 28 off
the blowdown line 18 (which need onlj comprise a negligible fraction of the boiler water) is

monitored to determine on a continuous basis the concentration of the inert tracer in the boiler

.
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observed referenced to a standard aqueous sol ution contj@iiing 0 5 FpRT==—=
2-NSA, as acid actives. A Glford Fluoro |V dual - monochf SYe&EOFEVENT SHEET
spectrof |l uoroneter can be used for a fluorometric anal yjsi s cdh@uSERa af
intermttent basis and for on-line fluorescence nonitor .PGP ‘a--por-t-aple--

p—

fl uoroneter equi pped with appropriate_exgﬁgation and emsSsSion fifters and a
quartz flow through cell can be used, such as is comrercially avail able
from Turner Designs (Sunnyvale, California) Mdel Fluoroneter 10 AU, which
i's mentioned above. In general for nost fluorescence em ssion spectroscopy
nmet hods havi ng a reasonabl e degree of practicality, it is preferable to
performthe analysis without isolating in any nmanner the inert tracer. Thus

there may RferS e st 9§ isUEKPEAHE BIWdIMAANRER 1 doRCerditaBYfiBF heftTracer
;monitored by the instrumentation 30 will normally fluctuate from the C, low value, ﬁt the point
within the time period after the feedwater rate exceeds the normal blowdown rate, to the high
.value Cy at a point within tl?gstimq period before the normal blowdown rate exceeds the
feedwater rate. The instrumentation would include one or more setpoints. A low setpoint, for
instance, would be below the normal C, value, and the reaching of such set point would be a
_variance indicator. A high setpoint would be at about Cg, and a failure to reach such setpoint
would be a vgriance indicator. For instance, if the inert tracer concentration in the feedwater of
a boiler having a cycles value of 50 is 1 ppm, its average concentration in normal blowdown
(average C, ) would be S0 ppm. Its high value in the boiler C; may be about 55 ppm, and its
low value C, would be for instance about 45 ppm. If the tracer concentration in the boiler fell to
40 ppm, there would be a 29 percent difference between this reading and the average C; reading
of 50 ppm, and about an 11 percent difference between this reading and the normal low inert
tracer reading C,. There may also .bé a change in the feedwater rate if the boiler is a constant
steam load boiler. This feedwater rate change would be extremely _difﬁcult to detect with any
assurance using a normal analyzer having an accuracy of about + 3% because the feedwater rate
change would be on the order of only about 0.5%. .(In a constant steam load boiler, the

feedwater rate is the steam rate plus the blowdown rate, and the steam rate for a boiler having a

cycles value of about 50 would be about 200 times the normal blowdown rate. Flow meters are



37 which thé fl uorescence anal ysis is conducted, wfFenm Dg
fluorescence may cone from chem cal conpounds in t th REFALY
unrel ated to the present process. In instances whe
fluorescence is low, the relative intensities (nmeafl __._.--—-«—‘---“"'
-fluorescent conpound at a standard congégiratlon atdassi gned a relative
Intensity for instance 100) of the flu cence of the tracer versus the

background can be very high, for instance a ratio of 100/10 or 500/10 when
certain conbinations of excitation and em ssion wavel engths are enpl oyed

even at | ow fluorescent conpound concentrations, and such ratios would be

generally not used to determine normal blowdown flow rates because of fouling and accuracy
problems.)

As noted above, a drop in the C; value from the normal level or failure to reach the
normal Cy while at steady state steaming rate is indicative of a leak. Water has left the boiler by
a route other, than the generated steam and the normal blowdown discharge, and 2 proportional
amount of inert tracer has left the boiler with that water. The feedwater control system has

' replaced that lost water with water containing a lesser concentration of the inert tracer, diluting
the overall tracer concentration in the boiler water. Such a leakage would cause a water loss that
is minute compared to the water content of the boiler, ;nd yet with an inert tracer that is not
affected by the feedwater purification efﬁciency.', or other variable parameters of the feedwater,

-such a water loss and concomitant inert tracer dilution is detectable. For example, as described
above, a leakage that causes only a 0.5% increase in water consumption by the boiler would also
provide a 20% decrease in the tracer concentration from its average of 50 ppm and an 11%
decrease in the tracer concentration from its normal low value of 45 ppm. The amount of the
water loss and the precise dilution of the inert tracer need not be quantitatively determined,
although such quantitative determinations can be easily made using the method of the present
invention. The fact that it is occurring alone will be an invaluable leak-alert benefit to a boiler

. nn

operator. ~
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representative of a "relative fluorescence" (under |Ik€
respectively 10 and 50. In preferred enbodi nent, the e
wavel engt hs and/ or the anount of tracer enployed are sz
relative fluorescence of at |east about 5 or 10 for the
fl uorescence antici pated. For.instance, éggg nost boil er water backgrounds,
a conpound that has a relative fluoresc of at |least about 5 at a _
reasonabl e concentration is very suitable as an inert tracer. Wen there is
or may be a specific chem cal specie of reasonably high fluorescence in the
background, the tracer and/or the excitation and/or em ssion mavelengths
often can be selected to nullify or at least mnimze any interference of
the tracer neasurenent(s) caused by the presence of such specie.

Instrumentation

The preferred instrumentation for continuously monitoring an inert tracer in the boileris

shown schematically in FIGURE 2 and destgnated by the geneml reference numeral 110. It
amnmmsmumudumynemnmnumm

1. A sensor or detector 112 for detefmining from an on-stream characteristic of the inert

~ tracer its concentration in the sample, including an ﬁalyzer 114 for measuring the characteristic
and a transducer 116 (a power-transforming device inserted between parts of communieaﬁon
systems) that generates an electrical signal (voltage) corresponding to tf:e concentration analysis;

2. AnLED diéimi readout and electronic data reeoeder device 118 or other register that
generaies a continuous record of the concentration of the inert tracer in the boiler as a function
of time;

3. A leak-alert signal 150 that is aetfvated when the on-stream analysis of the inert tracer
fails to reach the predetermmed high concentration (Cg)in the predetermmed normal cycle time
period or ever falls below a predetenmned low concentration (C,_). and

| 4. A feedback eentroller (monitor) 140 that allows the signal 150 to be activated
depending on the on-stream analysis of the concentration of inert tracer represented by the

voltage signal from the transducer 116.



One hma*t hod for the continuous on-stream nonitoring of am%mjﬁ“gc‘\éﬁi%aa
as the inert tracer by fluorescence em ssion spectrosc

anal ysis nmethods is described in 38 U. S. Paltoent No. %%%2%3% )
Moriarity, J. J. Hickey, W H Hoy, J. E. Hoots and D. “A Johnson, issued
February 12, 1991, incorporated hereint od«j:‘? ref erence. Conbi ned

HPLC- Fl uor escence Anal ysis The conbi nati of high-pressure liquid
chromat ography ("HPLC') and fl uorescence

After addition of the known concentration C, to the feedwater, a sample is taken from a
convenient blowdown tap location and is passed tiu‘ough a sampling line (conduit) 130 (such as
along blowdown sidestream 28 of FIGURE 1) into a flow cell 132 of an analyzer 114 where thc..
concentration of the inert tracer in the boiler sample is analyzed continuously. The
concentration of the inert tracer is measured on a real-time basis by this analysis of the inert
tracer concentration. Cycles ata st.cady state are monitored and calculated first before the high

- concentration Cy, the low concentration Cy and the normal cycle time period are determined and
set for the leak-alert signal 150 thaf is activated when the on-stream analysis of the inert tracer
fails to reach the high-concentration Cy within the normal cycle time period or ever falls to a
predetermined wnccnu'aﬁon of C, , , which is a value less than C,. Inaddition, the percent
holding time may be calculated if desired.

The analyzer 114 is preferably a Turner Designs (Sunnyvale, California) Model
Fluorometer 10 AU which has a flow-pressure rating of 70 psi. This fluorometer hasa -
0.3-centimeter diameter _and a two-inch long flowcell 132, which allows for a large fluorescence
intensity, the fluorescence intensity fron_l a given source being proportional to cell path. In
general, any fluorometer, with a large pathlength, and excitation and detection in the ultraviolet

(UV) region can be used.



,_~~-_,_._,._
anal yses of fluorescent tracers is a powerful tool forl twm‘ r‘ocb
particularly when very low |l evels of the inert tracer are uspd &fgh 1
background fl uorescence encountered woul d ot herw.se i nteffief %Ao'f t&@
efficacy of the fluorescence analysis. The HPLC-fl uorescence anal ysSi s

nmet hod allows the tracer conpound to B¢3separated fromthe fluid matrix and
then the tracer concentration can be neasured. The conbi nati on of

HPLC-fl uorescence analysis is particularly effective for neasuring mnute

| evel s of tracer in highly contam nated fluids. The HPLC nmet hod can al so be
effectively enployed to separate a tracer conpound froma fluid matrix for
t he purposes of then enploying a tracer-detection nethod other than the

fl uorescence ySi S ¢ such ot he acer ectlon met hods i.ncl
wi t hout 1§ m t 1B BR‘”I"F‘E;HSE Az YD 5*53@?1"86% chEpnsAat Q\rq"&nﬂ floweal
conductivity and the |ike, which met hods are descri bed

132 is transparent to ultraviolet radiation emitted by a llght source directed against one side of

. the flowcell 132, Ata 90° angle from the light source is the transducer 1 16 which transforms the
-emissivity of the fluorescent inert tracer into 2 0 to 5 volt DC voltage, emissivity (and therefore
voltage output) varying with the concentration of the inert tracer. An LED indicator 118 is
responsive to the output voltage of the transducer 116 (0 to 5 volts, DC) enaﬁling the
concentration of the inert tracer to be observed. The output recording device 118, for a real-time
printout of inert tracer concentration, is responding on a continuous line basis to the voltage
output (output of 4 to 20 milliamps) of the transducer 116 element included in the analyzer 114,
A monitor 140 having HI, LO relay contacts is in communication with the output of the
transducer 116 which in effect evaluates the coriéentration of inert tracer. If the evaluation does
not reach the high concmuaﬁbn standard set for the inert tracer (Cy), or the inert tracer
concentration falls below the normal level (C,) there is a variance indicator which is indicative
of a potential leak and the signil 150 is activated. The setpoints (not shown) in the monitor 140
corresponding to these reiays may be, for example, § milliamps anci '1S milliamps, respectively.

- One coil (not shown) serves all the contacts shown in FIGURE 2; when energized at either of the
setpoints, all contacts reverse (closing CR). When CR is closed, a 4 to 20 milliamps signal is

generated which is transmitted via a 10 to 20 milliamps signal output to the boiler operator’s



in "Techniques in Liquid Chromatography”, C. F. Sinpson gés=
Sons, New York, pp 121-122, 1982, incorporated hereinto JWUP&AGEMM,SMEU
"Standard Met hod For The Examination O Water And V\astevlﬁter Pg SEP 1996
Edition, American Public Health Association, pp 6-9 to 6: Ifte:1939,. . ... ... .
I ncor porated hereinto by reference. 9 Anal yti cal tecrmr-qaes—n-e-r———————
quantifying the presence and/or concefttation of a chem cal specie w thout
i solation thereof are within an evolving technol ogy, and the above survey
of

signal panel signal 150 (or bus or distribution @ntrol system, not shown). The continuous
monitor 140 as shown in FIGURE 2 is employed to monitor the concentration of inert tracer in
the boiler. A similar monitor can be set to monitor the fesdwater to determine the concentration
of the tracer. Monitor readouts for both feedwater and blow.down .sampla may be ratioed to
determine the cycles value when the steady state is reached. Percent life holding time may be
calculated.

A hypothetical performance record involving continuous monitoring and cycles is
graphically depicted in FIGURE 3. Two laboratory calibrations would be checked using two
standards, for instance, 0.5 and 0.6 ppm 2-naphthalene sulfonic acid (2-NSA) tracer. The
instrument would then be calibrated first against distilled water (DI) at a process simulatior_a site
and then against a 0.6 ppm 2-NSA 'tracer standard. After such a calibration exercise, the
instrument would then be used to continuously monitor a boiler recemng feedwater dosed with
0.05 ppm 2-NSA tracer, after a steady state as to the inert tracer was achieved in the boiler. The
cyclic rise and fall of the inert tracer concentration in the boiler with time is shown in FIGURE
3, and at time T-S there is shown a deviation from the normal cyclic concentration change,
whgrcin a low tracer concentration condition is reached, indicating that a Jeakage in this

hypothetical boiler system may have started.



reasonabl e anal ytical techniques for use in nonitor 3 _ HERT
the process of the present invention may presently flo E%'gsg%éb@%ﬁt?haust | ve,
and nost |ikely techni qgues equivalent to the above flor th 01986..of || t he
present invention will be developed in the future. nEWﬁgigggﬂP ;
sel ected for a given process based 02%8 preference for one or nore
anal yti cal techniques, or an anal yti techni que may be selected for a
gi ven process based on a preference for one or nore inert tracers. As noted
above, in preferred enbodi nent, the chem cal conpound(s) selected as the
Inert tracer should be soluble in the boiler systemto which it is added
and should be either stable in the environment thereof for the useful life
expected of _the inert tracer, or its loss fromthe fluid due tq
degr adat i orF FOBEHEANINUGHS register pEintaut skch asithatishewn imENGHHRE 4 it fsa simplsematter

redi ctabl e and :
P to determine or verify if the cycles are proper. Thus, the background or "control” condition (no

tracer) is known (background reading of 10.5), the starting concentration of tracer in the
feedwater is known (6.5), and also the normal blowdown concentration at steady state (70). The
cycles value is therefore C/C, = (70 - 10.5)/6.5 = 10.2.

The invention may be employed concomitantly with the determination of other boiler
operational parameters. Thus it will be seen that a continuous recording of the tracer
concentration, as a stable component, permits accurate determination of enough C/C; points
during the concentration period to plot the straight line of various values of In (1-C/C;) in
Formula II or to determine the slope which gives the inverse or reciprocal of the boiler constant
K. Knowing K, and knowing C;, the unknowns in the holding time equation of

%HT (P)=-KIn[ 1 - (P/100)]
wherein (P) symbolizes percent life of component C and P = C,/C; x 100, wherein C, = the
concentration of a component C at the desired %HT, and where C; = steady state boiler

concentration of coﬁnponent C, permits the holding time to be calculated.



conpensative, particularly since it is desired not nerely§ J. SERfEN e
presence of sonme anmount of the inert tracer, but also to cﬁ‘a‘%é‘%m ne t-'f]e ET

concentration thereof, or change in concentration. In prgferrs diQagnt
t he conbination of the chenical conpound(s) selected as h@‘téu?%rzs'lsgga“lgmer"“

and the analytical technique selected_for determning the presence of such
tracer, should permt such determ nat2 wi t hout isolation of the inert

tracer, and nore preferably should permit such determination on a
conti nuous and/or on-line basis. 40

[nert Tracers

The inert tracer must be transportable with the water of the boiler system (except of
sourse the water discharged from the boiler as steam) and thus wholly water-soluble therein at
the concentration it is used, under the temperature and pressure conditions to be encountered.
Preferably the selected inert tracer also meets the following criteria:

1. Be thermally stable and not decompose at the temperature within a boiler;

2. Be detectable on a continuous or semicontinuous basis and susceptible to
soncentration measurements that are accurate, repeatable and capable of being performed on
:‘eedw_aicr and blowdown water;

3. Be substantially foreign to the chemical species that are nérmally present in the water
>f the boiler systems in which the inert tracer may be used;

4. Be substantially impe;vioué to interference frqm, or biasing by, the chemical species
hat are normally present in the water of the boiler systems in which the inert tracer may be used:

5. Be substantially impervious to any of its own potential specific losses from the water
f the Boiler_systcm, including selective carry-over;

6. Be compatible with all treatment agents employed in the water of the boiler systems

n which the inert tracer may be used, and thus in no way reduce the efficacy thereof;



The present invention is a nethod of determ ning | eakage froma boiler
wat er system wherein steamis generated in a boil er (o Trecdwat er_| to
the boiler, the feedwater introducing inpurities to |t REPEAREMENLZHEFT ajnd
the concentration of the inpurities in the boiler water 'zh' pptiage boi ll er
is reduced by w thdrawi ng fractions trrlér of as bl o\\j@pme ' --§--a~dm"t't'1'"nY
addi tional feedwater as boiler-water eup. The boifeér woul d have a
concentration cycle value, the concentration cycle value being the average
val ue of the concentration of an inert conponent in the blowdown at steady
state [err] divided by the concentration of the inert conponent in the
feedwater [err]. The concentration of the inert conponent in the boiler at
steady state varies froma high concentration C,, , having a value that is
hi gher than [err], to a | ow concentration er&ll, havi ng a val ye between the
[err] and Th8e[compptiblg;vith ail eomponenisaf iltedor[mqi oK compatibility

preferably should endure despite the required concentrations of the tracer and/or other
- components in such a formulation, and deépite the storage and/or transportation conditions
encountered; and
8. Be reasonably nontoxic and environmentally safe, not only within the environs of the
water of the boiler system in which it may be used, but also upon discharge therefrom.
Generally it is desirable to employ the least amount of inert tracer that is practical for the
circumstance, and the amount of the inert tracer added to the water of the boiler system should
 be at least an amount effective for the determinations desired. Seldom would an ingrt tracer be
deliberately fed to the water of a boiler system in an @omt grossly in excess of the minimum
effective amount because there generally would be no practical purpose in doing so that would
justify the costs involved and any deleterious effects on the quality of the water of 'the boiler
caused by the presence of the inert tracer therein. The amount of inert tracer to be added to the
water of the boiler system that is effective without being grossly excessive will vary with a
variety of factors including, withéut limitation, the inert tracer and monitoring method selected,
the potential for background interference with the selected monitoring method, the magnitude of

the expecte_d inert tracer concentration in the blowdown, the monitoring mode ( which generally



conprises: enploying as the inert conponent an inert [rager - added to Ih_é’
boiler water at a rate equivalent to a known concentrftion err of fthe
inert tracer with respect to the feedwater; sensing (ﬁafya 2rSER 1988 f
inert tracer in the boiler at steady te equi val entlse—ids concERt Y
in the boiler water; converting the s réled characteristic to a val ue
equi valent to the concentration of the inert tracer in the boiler water,

‘the

would be an on-line continuous monitoring mode), and other similar factors. Generally the
dosage of an inert tracer to a water of the boiler system will be at least sufficient to provide a
concentration of tracer in the blowdown at steady state of at least about 0.1 ppb, and more
commonly at least about 5 ppb or higher, up to about 100 or 200 ppm, in the blowdown.

By the terms "tracing” is meant herein, unless expressly indicated otherwise, the
ietermination of the concentration of the inert tracex(s) in the blowdown. Such tracing would
seldom be conducted on a singular, intermittent or semi-continuous basis for the purpose of the
present invention, but instead on a substantially continuous basis, and preferably the
concentration determination is conducted on-site (at the site of the boiler system) to provide a
rapid detection of at least the fact that the inert tracer concentration in the boiler or blowdown
has dropped froto the normal coocentration or that the blowdown flow rate has decreased
compared to normal. The inert tracer is at times referred to herein merely as a "tracer”.

As noted above; the inert tracer must be added to the water of the boiler system in known
nroportion to the feedwater, and preferably the inert tracer is introduced into the boiler system
together with the feedwater at a known and constant concentration therein. The tracer
formulation, or "product”, may be an aqueous solution or other substantially homogeneous

admixture that disperses with reasonable rapidity in the system to which it is added. Since in



41 optionally recording the cyclic concentration fluct {{aRERAGEMENMESHREET t
tracer fromJ[err] to [err] in the boiler water; and actli vati Lgn
upon the detection of an indicator of a variance in th @@@Fﬂ&cgﬂﬁl%g
‘concentration fluctuation of the inert tracer that is C
| eakage of boiler water. In preferred odi ment the variance indicator is
an inert tracer concentration in the | er that has value | ess than that
equi valent to the normal |ow CL concentration of the inert tracer or an
inert tracer concentration in the boiler that fails to reach the norma
high [err] concentration within a tinme period B, the tinme period B being at
| east about that of the time period in which the fluctuation of the inert
tracer between [err] and [err] normally occurs. In

most any instance an inert tracer would be added to a boiler system as a component of a-
formulation, rather than as dry solid or neat liquid, the tracer concentration may be correlated
not to the numerical conc;:ntrat,ion of the inert tracer itself but instead to the concentration of a
~ product, which in turn can be correlated to the concentration of the inert tracer when and if such
informatioﬁ is required.
In preferred embodiment, the chemical compound(s) selected as an inert tracer(s) should
not be one that is consumed or lost to the water of the boiler system, for instance due to
| degradation, deposition, complexation, or other phcnpmena, unless such consumption or loss is
ata réte that is predictable. The inert tracer(s) used in the present invention is preferably
substantially unconsumed in the use environment. An inert tracer(s) that is wholly inert in the
water-system environment would not react with any of the components in the water of the boiler
system to which it is added, would not 'degradé in the environment of the water of the boiler
system, would be incapab_le of coupling and/or dcpo_siting in any manner within such boiler
. system and would not ap;;reciably be effected by other system parameters such aS metallurgical
o composition, héat changes or heat con..t-ent. There are water-soluble inert tracer(s) that are
wholly inert, or substantially inert, in the aqueous environments likely to be encountered in

industrial boiler systems. Further, it is believed that an inert tracer(s) having a degree of
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preferred enbodi nent the variance indicator is an i "m“%g CEMENT SHEET
concentration in the boiler that has value |l ess tha ha equrvalent tip the
normal [ow CL concentration of the inert tracer andivwRareliz OGE..
indicator is a concentration of the inert tracer of zxzzzxweaaa ------- ] is
at | east about 5 percent of the value of [err]. In preferred enbodi nent the
variance indicator is an inert tracgnconcentration in the boiler that
fails to reach the normal high [err?tloncentration within a tine period B
and wherein the boiler has open/cl ose bl owdown val ve operations and the
time period B is neasured fromthe closing of the bl owndown val ve to t he
time at which the bl omdown val ve mnuld normal |y reopen.

inertness such thaf no more than 10 weight percent thereof is lost due to reaction, degradation,
coupling and/or dcposition during the time that elapses between its addition and its discharge as
a blowdown component is sufficiently, or substantially, inert for the purpose of the present
invention for most, if not all, tracer monitorings. )
Among these substantially boiler-system-inert fluorescent compounds are the mono-, di-
... -and trisulfonated naphthalenes, including their water-soluble salts, particularly the various
naphthalene mono- and disulfonic acid isomers, which are a preferred inert tracer(s) for use in
the present invention. The naphthalene mono- and disulfonic acid isomers are water-soluble,
generally available commerc_ially and easily detectable and quantifiable by known fluorescence
analysis techniques. Preferred naphthalene mono- and disulfonic acid isomers are tixe
water-soluble salts of naphthalene sulfonic acid ("NSA"), such as 2-NSA, and naphthalene
disulfonic acid ("NDSA" or "NDA"), for instance 1,5-NDSA. Many of these inert tracer(s)

! (mono-, di- and trisulfonated naphthalenes and mixtures thereof) are extremely compatible with
the environments of most boiler systems. Among these preferred fluorescent tracers, 2.-NSA and
(1,5-NDSA) have been found to be thermally stable (substantially inert) at temperatures up to at
least about 540 *C (1004 °F), for at least 24 hours at 285 *C (545 °F) and at pressures up to about

1,500 psig for time periods commensurate with commercial boiler holding times. Such inert



42 In preferred enbodi nent the boiler systemhas a MAP'ﬁMEHE%EJ own
val ve that adjusts the bl owdown rate dependi ng uponljsone jngi

conponent build-up within the boiler, wherein when | a4 n@%ﬁa@
concentration in the boiler has a value less than t equivalent to the
normal | ow CL concentration of the Lnergdtracer, t he nornmal | y- open bl owdown
val ve woul d close in response to the re ng, and wherein the tracer
nonitoring apparatus is ahead of the bl owdown val ve-and the nonitoring
apparatus sees a tracer concentration while a flow neter downstream of the
bl omdown val ve sees no flow, and the conbination of conditions is the

vari ance indicator.

fluorescent tracers have been found to carryover into the steam discharged from commercial
boilers at concentrations of less than 500 ppt when present in the boiler waters at concentrations
within the range of from about 5 to 50 ppb, and thus these tracers are not sclectively.carried over
into the steam, and do not carry over into the steam in any appreciable amount. In addition, it
has been found that the contribution to conductivity of the mono-, di- and trisulfonated
naphthalenes is minimal at the ppb levels used for fluorescence determination in either the boiler
feedwater or the blowdown.

Another group of inert fluorescent tracers that are preferred for use in the process of the
present invention, particularly under pressures of no more than about l,ObO psi, are the various
sulfonated derivatives of pyrene, such as 1,3,6,8-pyrene tetrasulfonic acid, and the various
water-soluble salts qf such sulfonated pyrene derivatives.

The tracer is preferably selected from among those that are easily quantifiable by a
fluorescence analysis method, a preferred analytical technique for the purposes of the present
process. Other analysis methods not excluded for use in quantifying the inert tracer are HPLC

and fluorescence analysis combinations, which are described in more detail below.



In.another preferred embodi ment of the present inv —1 1 ystem
has a nornaFIy open bl owdown val ve that adjusts th BEBMHH%%§¥T§@E§tp ndi ng
upon the concentration of the inert tracer wthin tihe b0| §§P'§g5ak ge
has started, when the inert tracer concentration irl PaE: bo b al ue
equivalent to the normal |ow CL concentration of the1Thnert tracer, the

nor mal | y- open bl owdown val ve woul d §8se or there woul d be no blomdomn flow
t hrough the normal bl owdown |ine, because the water |ost fromthe boiler
due to the leak is a sufficient anount of bl owdown to satisfy the CL
concentration condition. The concentration of the inert tracer would
eventual Iy fall below the CL concentration as the water loss fromthe |eak

I NCr easgs. Befor- the | -rt tracer concentration falls belowits normal CL
concent ©-SRfesk e s+ ERE nornally open bl owdown val ve or no

bl owdown f1ow thr oygh the nor mal
The detection and quantification of speclﬁc substances by fluorescence emission

spectroscopy is founded upon the proportionality betwoen the amount of emitted light and the
amount of a fluoresced substance present. When energy in the form of light, including ultra
violet and visible light, is directed into a sample cell, fluorescent substances therein will absorb
the energy and then emit that energy as light having a longer wavelength than the absorbed light.
A fluorescing molecule absorbs a photon resulting in the promotion of an electron from the
ground energy state to an excited state. When the electron’s excited state relaxes from a higher
energy vibrationally-excited state to the lowest energy vibrationally-excited state, energy is lost
in the form of heat. When the electron relaxes to the ground electronic state, light is emitted at a
lower energy than that absorbed due to the heat-energy loss, and hence at a longer wavelength
than the absorption. The amount of emitted light is determined by a photodetector. In practice,
the light is directed into the sample cell through an optical light filter so that the light transmitted
is of a known wavelength, which is referred to as the excitation wavelength and generally
reported in nanometers ("nm"). The emitted light is si'milarl.y screened through a filter so that
the amount of emitted light is measured at a known wavelength or a spectrum of wavelengths,
which is referred to as the emission wavelength and generally also reported in nanometers.
When the measurement of specific substancoo or categories of substances at low concentrations

is desired or required, such as often is the case for the process of the present invention, the filters
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boi T éF. equivalent to its normal |ow [err] concentrati )

indiggting a | eakage. In preferred enbodi ment the boill er sygte Er?i
%?§t'e"'£'rsse dm'u*on
erern when the 1nert

nor mal | y-open bl ondown val ve that adjusts the bl owdo
sonme indi cated conponent build-up wt I3'3 t he boiler,

tracer concentration in the boiler has a value | ess than that equivalent to
the normal low [err] concentration of the inert tracer the normally-open

bl omdown val ve woul d

are set for a specific combination of excitation and emiésion Wavelengths, selected for
substantially optimum low-level measurements.

In general, the cdnccntration of an inert tracer can be determined from a @mparison ofa
sample's emissions intensity to a calibration curve of the given tracer’s concentration versus
emissions, for the saﬁ:c set of excitation wavelength/emission wavelengths. Such a
conccntration-by-combarison method by which the sensed emissions are converted to a
' \;._ concentration equivalent preferably is employed to determine concentrations of an inert tracer
that are within the concentration range over which a linear emission response is observed, and
this concentration range is referred to herein as the "linear-emission-response concentration
range". The lineér-cmission-response concentration range is to some extent dependent upon the
specific inert tracer and the excitation wavelength/emission wavelength set employed. At inert
tracer concentrations higher than a given inert tracer's linear-emission-response concentration
range, there is a negative deviation from ideal (linear) behavior, the degree of emission fora
given concentration being less than predicted by a linear extrapolation. In such instances, the
sample can be diluted by known factors until the concentration of the inert tracer therein falls
within the linea;-emission—r;sponse concentration range. If the inert tracer is present in the
sample at only very low concentrations, there are techniques for concentrating the inert tracer by
known factors until its concentration falls within the linear-emission-response concentration

range or is otherwise more readily measured, for instance by liquid-liquid extraction.
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close in response to the a reading, and wherein th EAse b EQEET
apparatus is downstream of the bl owmdown val ve and f{|h %’ﬁfbara us sees |ho
tracer concentration and that condition is the vari aﬁctg,[hgiSERq%_lﬂn ot her
preferred enbodi nents the variance ingi' ator is an{liRerf tracer " '
concentration in the boiler that has && ue | ess than that equivalent to the
normal low [err] concentration of the inert tracer or an inert tracer
concentration in the boiler that fails to reach the normal high [err]
concentration within a tine period B, the tinme period B being at | east
about that of the tine period in which the fluctuation of the inert tracer
between [err] and [err] normally occurs, and wherein the variance indicator

, Lot | v . ) : : vat ed
ol y RIS CorBRLATY 5 41 ssof Gl oy B ki BeftRon-Bitp B Bhockiafic 4! ©
| mbal arrigge {quHL% prepared or obtained before employing a given inert tracer, and preferably the

inert tracer would be added to the feedwater of the boiler system in an amount sufficient to
provide a concentration of the inert tracer in the boiler that is within the
linear-emission-response concentration range. Génerally the linear-emission-response
concentration range of an inert tracer is sufficiently broad to readily estimate the amount of the
inert tracer that will be sufficient for this purpose. A linear-emission-response concentration
range will most often extend through a concentration range from a concentration of "m" to a
concentration of at least 10m.
A determination of the presence of a fluorescent inert tracer and preferably the
l concentration thereof in the blowdown from a boiler system can be made when the concentration
of the inert tracer in the boiler is pnly several parts per million (ppm) or even parts per billion.
(ppb) for some of the inert tracer that can be employed in the process of the present invention.
In preferred embodiment, the amount of a fluorescent inert tracer added to the boiler system
should be sufficient to provide a concentration of the inert tracer in the blowdown to be analyzed
of from about S ppb to about 100 or 200 ppm, although the preferred inert tracers specifically
_ mentioned herein need not be present in the.sample analyzed in excess of about § or7 ppm.

Such analyses, that is, the measurements of the light emitted in response to the light transmitted
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operating parameter is seen. For exanple, the fluctu&EFom-
tracer concentration in the boiler water between [e rHEMEWNﬂW%ET
conpared to the balance in steamload in the boiler 623*@ f “om
fl ow signals, and an inbal ance between the rate fee \M%’r to
t he boiler and the rate steamis be| q?dl scharged th
the nonitoring apparatus at the sanme~"tinme the variance indicator in the
normal fluctuation of the inert tracer concentration indicates a | eak
before the signal is activated. In another exanple, the fluctuation

to the blowdown, can be made on-site, preferably on an almost instant and continuous basis,
with simple portable equipment, such as the photodetector and screens described above. |

At times it may be desired to employ a plurality. of inert tracers. For instance, it may be
desired to use a plurality of inert tracers to confirm that neither is undergoing any tracer-specific
loss or one tracer to detect a given variance and another for the detection of a different variance
or other parameter. Such separate and distinct inert tracers can each be detected and quantified
in a single water blowdown fraction despite both being fluorescent tracers if their respective
wavelengths of emission do not interfere with one another. Thus concurrent analyses for
multiple inert tracers is possible by selection of inert tracers having appropriate spectral
characteristics. Préfcrably widely sgparated wavelengths of radiation should be used to excite
each of the inert tracers and their fluorescent emissions should be observed and measyred at
widely separated emission wavelengths. A separate concentration calibration curve may be
prepared or obtained for each inert tracer. In other words, more than one inert tracer can be
employed, and then the presence and/or concentration of each such inert tracer in the boiler
system should be determined using analytical parameters (particularly tixe excitation/emission
wavelengths) effective for each such inert tracer, which analytical parameters preferably are
sufficiently distinct to differentiate between measurements.

Fluorescence emission spectroscopy on a substantially continuous 'basis, at least overa

given time period, is one of the preferred analytical techniques for the process of the present

en by
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of ft'he inert tracer concentration in the boiler Wa,f WEPIDACEM@NT[%?ErﬁT 3
[efr] is conpared to the balance in the holding ti) eﬁitﬁ@ m and a
cal'cul ated bl owdown rate of the boiler, and an i nbalgmse e
hol ding tinme and the cal cul ated bl owdown rate nust Heeseeroy
nonitoring apparatus at the same ti mﬁ@s a variance indicator in the nor mal
fluctuation of the inert tracer concentration indicates a | eak before the
signal is activated. In preferred enbodinent the inert tracer is -
fluorescent, in which the sensed characteristic of the inert tracer is the
intensity of the inert tracers fluorescence emssivity. In nore preferred
enbodi nent the selection of the inerf tracer, the appunt of the, inert
t r acer inuentign; Jt isenensithe.prefarvad-analysis techalquas fos quantifyingiand detsAminiag i ssi on
sel ected for sensing the inert tracer's fluorescence emssivity provide a
r el at i cendentration of thednest trader in adpilen systear andfit istan|apalysis taschniqué having

significant advantages. Fluorescent chemical tracers and monitoring techniques are now
known, for instance as disclosed in U.S. Patent No. 4,783,314, J. E. Hoots and B. E. Hunt,
issued November 8, 1988, incorporated herein by reference, wherein inert fluorescent tracers are
employed in combination with a fluorescence monitoring, such as the sodium salt of
D 2-naphthalenesulfonic acid. |
When the inert tracer is 2-NSA, one of the water-soluble salts of naphthalene sulfonic
at;,id ("NSA"), its concentration in the blowdown from a boiler system can be fluorometrically
measured by excitation at 277 nm and emission measurement at 334 nm, and ic emissions
observed referenced to a standard aqueous solution containing 0.5 ppm 2-NSA, as acid actives.
A Gilford Fluoro IV dual-monochromator spectrofluorometer can be used for a
fluorometric analysis conducted on an intermittent basis and for on-line fluorescence monitoring,
a portable fluorometer equipped with appropriate excitation and emission filters and a quartz
: flow through cell can be used, such as is commercially available from Turner Designs '
(Sunnyvale, California) Model Fluorometer 10 AU, which is mentioned above.
In general for most fluorescence emission spectroscopy methods having a reasonable
degree of practicality, it is preferable to perform the analysis without isolating in any manner the

inert tracer. Thus there may be some degree of background fluorescence in the blowdown on
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t he background fl uorescence of the boiler water. In anot her nore preferred

enbodi ment the CL concentration of the inert tracer ‘@%@%’ﬁ?g*‘ cpieteli s

at | east about 1 ppb. In preferred enbodi ment the [err ration o
the inert tracer at the steady state is at | east about I asaptw[e r]
concentration of the inert tracer at st eady stat el B T RAR
200 ppm The 45 inert tracer.is pr rably a nonosul Tonat ed napht hal ene,
di sul f onat ed napht hal ene, trisul fonated napht hal ene, a sul fonated pyrene or
wat er -sol ubl e salt thereof, particularly a water-soluble salt of

~ which the fluorescence analysis is conducted, which background fluorescence may come from
chemical compounds in the boiler system that are unrelated to the present process. In instances
where the background fluorescence is low, the rélativc' intensities (measured against a standard
fluorescent compound at a standard concentration and assigned a relative intensity for instance
100) of the fluorescence of the traoef versus the background can be very high, for instance a
ratio of 100/10 or 500/10 when certain combinations of excitation and emission wavelengths are
employed even at low fluorescent compound concentrations, and such ratios would be
representative of a "relative fluorescence” (under like conditions) of respectively 10 and 50. In
preferred embodiment, the excitation/emission wavelengths and/or the amount of tracer
employed are selected to provide a relative fluorescence of at least about 5 or 10 for the given
background fluorescence anticipated.

For instance, for most boiler water backgrounds, a compound fhat has a relative
fluorescence of at least about 5 at a reasonable concentration is very suitable as an inert tracer.
When there is or may be a specific chemical specie of reasonably high fluorescence in the

/. background, the tracer and/or the excitation and/or emission wavelengths often can be selected
to nullify or at least minimize any interference of the tracer measurement(s) caused by the
presence of such specie.

One method for the continuous on-stream monitoring of chemical tracers such as the

inert tracer by fluorescence emission spectroscopy and other analysis methods is described in .
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1, 3,6, 8-pyfene. In another nore preferred enbodi ment t & C'éht"r‘at"i on
of the inert tracer at the steady state is from about § b

The inert tracer is preferably introduced into the boi ﬁeﬁ :
the feedwater in the known concentrati [err] therein. ITn nore preferred
enbodi ment the average cycles value of [érr] is deternmi ned by the average
concentratjons of the inert tracer in-the feedwater and the bl owdown and
the cyclesivalue is conpared to a standard operating cycles value for the
oper at i on UfS. Patnbdlo. 4;992380, BJE WlbtihrityDE JoHizkey W, HaHey,Jag. Heoshad e d.i f
the determ ned cycles value is not the standard operating cycles val ue.

Un:c fess ex pohasdry idsied Febrasryor2) o9, smdaﬁrawhemfbwfdf&&ﬁw of a prefix or
Su IX In

2- napht hal ?ne sul fonic acid, 1,5-naphthal ene disulfonif—g '(}1" JRR—
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The combination of high-pressure liquid chromatography ("HPLC") and fluorescence
analyses of fluorescent tracers is a powerful tool for the present process, pa.rticula;ly when very
low levels of the inert tracer are used or fhe background .ﬂuorcscence encountered would
otherwise interfere with the cfﬁéacy of the fluorescence analysis. The HPLC-fluorescence
analysis method allows the tracer compound to be separated from the fluid matrix and then the
tracer concentration can be measured. The combination of HPLC-fluorescence analysis is
particularly effective for measuring minute levels of tracer in highly contaminated fluids.

The HPLC method can also be effectively employed to separate a tracer compound from

_ a fluid matrix for the purposes of then employing a tracer-detection method other than the

fluorescence analysis, and such other tracer-detection methods include without limitation light
absorbance, post-column denvauzatlon, conductivity and the like, whlch methods are described
in "Techniques in Liquid Chromatography C.F. Slmpson ed., Iohn leey & Sons, New York,
pp 121-122, 1982, mco:porated hereinto by reference, and "Standard Method For The
Examination Of Water And Wastewater”, 17th Edition, American Public Health Association, pp

6-9 to 6-10, 1989, incorporated hereinto by reference.
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alternative. For instance, "specie(s)" means "specie jand/or é ‘1§98 l

- "determ nation(s)" neans "determ nation and/or deter
"technique(s)"” nmeans "techni que and/or techni ques",

“chem cal (s)" neans "chem cal and/or3dghen cal s”, "conponent(s)" neans
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meant "parts per billion" by weight. 46

Analytical techniques for quantifying the presence and/or concentration of a chemical
specie without isolation thereof are within an evolving technology, and the above survey of
reasonable analytical techniques for use in monitoripg the inert tracer in the process of the
present -inventic')n may presently not even be exhaustive, and most likely techniques equivalent to
the above for the purposes of the present invention will be developed in the future.

An inert tracer may be selected for a given process based on a preference for one or more
analytical techniques, or an analytical technique may be selected for a given process based on a
preference for one or more inert tracers.

As noted above, in preferred embodiment, the. chemical compound(s) selected as the inert
tracer should be soluble in the boiler system to which it is added and should be either stable in
the environment thereof for the useful life expected of the inert tracer, or its loss from the fluid
due to degradation, deposition, complexation, or other phenomena should be predictable and
compensative, particularly since it is desired not merely to detect the presence of some amount
of the inert tracer, but also to dctcrmine the concentration thereof, or change in concentration. In
preferred embodiment, the combination of the chemical compound(s) selected as the inert tracer
and the analytical technique sclected for determining the presence of such tracer, should permit
such determination without isolation of the inert tracer, and more preferably should permit such

determination on a continuous and/or on-line basis.



The concentration of the inert tracer in the boil er=Fofr—tte pul UEQ of the
present invention is determ ned by the concentrati nﬂ%ﬁh¥ﬁﬁﬁéﬁﬁgﬁ Ff cer in
a boiler water sanple, which generally would be af tjer tht&,s liggdhas been
removed fromthe boiler, and such sample is thus wilt B the-bFoad U
definition of bl owdown regardl ess offfhet her or not—Such sanple 15 derived
fromthe normal bl omdown line or not. The term nol ogy of "normal bl owdown"
excludes water lost froma boiler by | eakage but not a water stream

moni tored for the concentration of the inert tracer whether such streamis
part of or separate fromthe blowdown flow set to renove inpurities from

t he boiler. : '

The present invention is a method of determining leakage from a boiler water system
wherein steam is generated in a boiler from feedwater fed to the boiler, the feedwater
introducing impurities to the boiler water and the concentration of the impurities in the boiler
water within the boiler is reduced by withdrawing fractions thereof as blowdown while
admitting additional feedwater as boiler-water makeup. The boiler would have a concentration
cycle value, the concentration cycle value being the average value of the concentration of an
inert component in the blowdown at steady state C,. dfvidcd by the concentration of the inert
component in the feedwater C;. The concentration of the inert component in the boiler at steady
state varies from a high concentration Cy , having a value that is higher than C;, to a low
concentration C;, having a value between the C, and the C, within a time period. The mc£hod
comprises:

employing as the inert component an inert tracer added to the boiler water at a rate
equivalent to a known concentration C, of the inert tracer with respect to the feedwater;

sensing a characteristic of the inert tracer in the boiler at steady state equivalent to its
concentration in the boiler water; |

converting the sensed characteristic to a value equivalent to the concentration of the inert

tracer in the boiler water;
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47 CLAI M5: 1. A nethod of determ ning | eakage fro a‘tﬁfﬁ-ﬂcﬁ"‘%%ﬁsy tem
wherein steamis generated in a boiler fromfeedwatler fe il er,
said feedwater introducing inpurities to boil er wallePatod- mrz?rsgg g%l er
and the concentration of said inpuriti'es in said boFrfFer water wthin said
boiler is reduced by withdrawi ng frac a;ons of said boiler water from said

boil er as nornmal bl owdown by neans of bl omdown val ve operation while
adm tting additional

optionally recording the cyclic concentration fluctuation of the inert tracer from C; to C,

in the boiler water; and

activation of a signal upon the detection of an indicator of a variance in the cyclic
concentration fluctuation of the inert tracer that. is consistent with a leakage of boiler water.

In preferred embodirﬁent the variance indicator is an inert tracer concentration in the
boiler that has value less than that equivalent to the normal low C, concentration of the inert
tracer or an inert tracer concentration in the boiler that fails to rcach the normal high Cg
concentration within a time period B, the time period B being at least about that of the time
period in which ﬁc fluctuation of the inert tracer between Cy and Cg normally occurs. In
preferred embodiment the variance indicator is an inert tracer concentration in the boiler that has
value less than that equivalent to the normal low C,, concentration of the inert tracer and wherein
the variance indicator is a concentration of the inert tracer of C,-C,, , wherein C,) is at least about

_ 5 percent of the value of C,.

In preferred embodiment the variance indicator is an inert tracer mncenﬁation in the
boiler that fails to reach the normal high C; concentration within a time. period B and wherein
the boiler has open/close blowdown valve operations and the time period B is measured from the

closing of the blowdown valve to the time at which the blowdown valve would normally reopen.
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boil er at steady state varying frofih normal high concentration [err] said
normal hi gh concentration [err] having a val ue higher than said [err],
normal | ow concentration CL, said normal |ow concentration [err] having a
val ue between said [err] and said [err], within a tinme period,

In preferred embodiment the boiler system has a normally-open blowdown valve that
adjusts the blowdown rate depending upon some indicated component build-up within the boiler,
wherein when the inert tracer concentration in the boiler' has a value less than that equivalent to
the normal low C, concentration of the inert tracer, the normally-open blowdown valve would
close in response to the reading, and wherein the tracer monitoring apparatus is ahead of the
blowdown valve and the monitoring apparatus sees a tracer concentration whiie a flow meter
downstream of the blowdown valve sees no flow, and the combination of conditions is the
variance indicator. |

In another preferred embodiment of the present invention, the boiler system has a

normally-open blowdown valve that adjusts the blowdown rate depending upon the

" concentration of the inert tracer within the boiler. If leakage has started, when the inert tracer

concentration in the boiler has a value equivalent to the normal low C,. concentration of the inert
tracer, the normally-open blowdown valve would close or there would be no blowdown flow
through the normal blowdown line, because the water lost from the boiler due to the leak is ;1
sufficient amount of blowdown to satisfy the C; concentration conditibn. The concentration of
the inert tracer would eventually fall below the C, concentration as the water loss from the leak
increases. Before the inert tracer concentration falls below its nonnall C, concentration, the

closing of the normally-open blowdown valve or no blowdown flow through the normal

to a
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conprising: enploying as said inert conponent an inerﬂ
boiler water at a rate equivalent to a known concentr
inert tracer with respect to said feedwater; sensing
said inert tracer in said normal bl owdown at steady sti& - 0O 1Its
concentration in said boiler water an §38ubstantially continuous basis and
thereby obtaining a plurality of sensed characteristic values; converting
said plurality of sensed characteristic values to a plurality of val ues
‘each equivalent to said concentration of said

blowdown line in combination with an inert tracer concentration in the boiler equivalent to its |
normal low C,, concentration is a variance indicating a leakage.

In preferred embodiment the boiler system has a normally-open blowdown valve that
adjusts the blowdown rate depending upon some indicated component build-up within the boiler,
wherein when the inert tracer concentration in the boiler has a value less than tfxat equivalent to
the normal low C, concentration of the inert tracer the normally-open blowdown valve would
close in response to the a reading, and wherein the tracer monitoring apparatus is downstream of
the blowdown valve and the apparatué sees no tracer concentration and that condition is the
variance indicator.

In other preferred embodiments the variance indicator is an inert tracer concentration in
the boiler that has value less than that equivalent to the normal low C, concentration of the inert
tracer or an inert tracer concentration in the boiler that fails to reach thé normal high Cg
concentration within a time period B, the time period B being at least about that of the time
period in which the fluctuation of the inert tracer between Cg and C;, normally occurs, and
wherein the variance indicator is an operating parameter of the boiler system and the signal is
activated only when the variance indicator is detected at the same time that an imbalance in the
operating parameter is seen. For example, the fluctuation of the inert tracer concentration in the

boiler water between Cy and C, is compared to the balance in steam load in the boiler
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inert tracer in said boiler water;. optionally recordl‘ngrf&mﬁdu&‘wil%““ !

concentration fluctuation of said inert tracer fronl[
boil er water; and 48 activation of a signal upon t
vari ance indicator that indicates a varjgnce in said
fluctuation consistent with a | eakage é@ﬁa

fraction of said boiler

determined from flow signals, and an imbalance between the rate feedwater is ﬂow:ing into the
boiler and the rate steam is being discharged therefrom must be seen by the monitoring
apparatus at the same time the variance indicator i:i the normal fluctuation of the inert tracer
concentration indicates a leak before the signal is activated. In another example, the fluctuation
of the inert tracer concentration in the boiler water between Cy and C, is compared to the
balance in the holding time of the boiler and a calculated blowdow;rn rate of the boiler, and an
imbalance between the holding time and the calculated blowdown rate must be. seen by the
monitoring apparatus at the same time as a variance indicator in the normal fluctuation of the
inert tracer concentration indicates a leak before the signal is activated.

In preferred embodiment the inert tracer is fluorescent, in which the sensed characteristic

“of the inert tracer is the intensity of the inert tracer’s fluorescence emissivity. In more preferred

embodiment the selection of the inert tracer, the amount of the inert tracer added to the boiler
water and wa§elengt& of excitation and emission selected for sensing the inert tracer’s
fluorescence emissivity provide a relative fluorescence of the inert tracer of at least about 5 for
the background fluorescence of the boiler water. In another more preferred embodiment the C,
concentration of the inert tracer at the steady state is at least about 1 ppb. In preferred
embodiment the C, concentration of the inert tracer at the steady state is at least about ! ppb and

the C; concentration of the inert tracer at the steady state is no more than about 200 ppm. The



water frlomsaid boiler in conbination with a posturfg

val ve. 2. The nethod of claim1 wherein said bl ovvdo :
nor mal | y- open bl owdown val ve that adjusts the bl owdj

an indi cated conponent build-up wthi néssl d boiler,
nor mal | y- open bl omdown val ve cl oses wh said inert Tracer concentratlon I n
said boiler water is less than said normal | ow concentration [err] of said
inert tracer, wherein a tracer nonitoring apparatus is ahead of said
bl owdown val ve, wherein said variance indicator is said nmonitoring
appar at U, §eah&d i€ preferably a monosulfonated naphthalene, disulfonated naphthalene, trisulfonated
_naphthalene, a sulfonated pyrene or water-soluble salt thereof, particularly a water-soluble salt of
. 2-naphthalene sulfonic acid, l,S-naéhthalene disulfonic acid or 1,3,6,8-pyrene. In another more
_ preferred embodiment the C, concentration of the inert tracer at the steady state fs from about 5
; Ppb to about 7 ppm.

The inert tracer is preferably introduced into the boiler as a component of the feedwater
in the known concentration C; therein. In more preferred embodiment the average cycles value
of C/C, is determined by the average concentrations of the inert tracer in the feedwater and the
blowdown and‘ the cycles value is compared to a standard operating cycles value for the
operation of the boiler, and in which the blowdown rate may be changed if the determined cycles

~ value is not the standard operating cycles value.

Unless expressly indicated otherwise herein, the inclusion of a prefix or suffix in

parenthesis designates the word with such prefix or suffix as an alternative. For instance,
"specie(s)" means "specic and/or species”, "determination(s)" means "determination and/or -
t determinations”, "technique(s)" means "technique and/or techniques", "location(s)" means,
"chemical(s)" means "chemical and/or chemicals”, "component(s)" means "component and/or

components”, "tracer(s)" means "tracer and/or tracers”, and the like. By "ppm" is meant "parts

per million" by weight. By "ppb" us meant "parts per billion" by weight.



tracer concentration while a flow neter downstream of sai_d _bl owdew
sees no bl owdown discharge flow 3. The nethod of C[Wﬁlﬁ&@f;ﬁméﬁf
bl owdown val ve operation is a nornally-open bl owdova ‘Y/e t G
bl ondown rate of flow through a normal bl owdown depen n@ ﬂp .....
concentration of said inert tracer in said boiler o
variance indicator is an inert trace4§oncent ration in sai d boi | er
equi valent to said normal |ow concentration CL of said inert tracer when
sai d nornmal | y-open bl ondown valve is closed or there is a zero rate of said
bl omdown fl ow t hrough said nor mal
The concentration of the inert tracer in the boiler for the purposes of the present

invention is determined by the concentration of the inert tracer in a boiler water sample, which

generally would be after that sample has been removed from the boiler, and such sample is thus

within the broad definition of blowdown regardless of whether or not such sample is derived

from the normal blowdown line or not. The terminology of "normal blowdown" excludes water

lost from a boiler by leakage but not a water stream monitored for the concentration of the inert

tracer whether such stream is part of or separate from the blowdown flow set to remove

impurities from the boiler.



bl owdown | i ne. 49 4. The nethod of claim1 whereiln

operation +s—a—nermelly-apen bl owdown val ve that adj R?ﬂ
dependi ng u ﬂﬂsome i ndi cat ed conponent build-up wt 'DQte

wherein sai mﬂ“nﬂm MLO\,\ggmqu;Ir;tel ‘gﬂ“' & ol odb B i

readi ng that"

T e

We Claim:

1. A method of determining leakage from. a boil;_:r water system wherein steam is
generated in a boiler from feedwater fed to said boiler, said feedwater introducing impurities to -
the boiler .watcr and the concentration of said impurities in said boiler water within said boiler is .
reduced by withdrawing fractions th&reof as blowdown while admitting additional feedwater as

i ﬁboilcr-watcr makeup, said boiler having a concentration cycle value, said concentration cycle
value being the average value of the concentration of an inert component in said blowdown at
steady state C; divided by the concentration of said inert component in said feedwater C, said
concentration of said inert component in said boiler at steady state varying ﬁ'om'a high
concentration Cy, having a value that is higher than C;, to a low concentration C,, having a
value between said C, and said C, within a time period, comprising:

employing as said inert component an inert tracer added to said boiler water at a rate
equivalent to a known concentration C, of said inert tracer with respect to said feedwater;
- sensing a characteristic of said inert tracer in said béilcr at steady state equivalent to its
concentration in said boiler water;
converting said sensed characteristic to a value equivalent to said concentration of said

inert tracer in said boiler water;

—
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i n sai

said inert tracer
upon excitation,
tracer is the int

HEEN
sai d mer"ﬂg i }Hﬂ re| ]
of said sai [ ' or is gg\pr .
appar atu @E Hﬂ concentration. 5. The met hofd er:r-ai-- --I!%ef-eiln

T

| ow ¢ entratd
g app %P@q@ﬁmgggcm

is a fluorescent tdd%er having a fluorescence em sSSivitly
and wherein said sensed characteristic of said inert
ensity of said fluorescence em ssivity. 6. The nethod of

claim5 wherein said inertaduisetiind a 941~ upon the detection of an

indicator of a variance in a cyclic concentration
fluctuation from C; to C,,.of said inert tracer that is
consistent with a leakage of boiler water.

2. A method according to claim 1 which
includes recording said cyclic concentration
fluctuation of said inert tracer from C; to C, in said
boiler water.

3. A method according to claim 1 or claim 2
wherein said variance indicator is an inert tracer
concentration in said boiler that fails to reach said
normal high C; concentration within a time period B,
said time period B being at least about that of said
time period in which éaid fluctuation of said inert
tracer between C; and C, nbrmally occurs.

4. A method according to claim 1 or claim 2
wherein said variance indicator is an inert tracer
concentration of said inert tracer.

S. A method according to claim 1 or claim 2
wherein said variance indicator is an inert tracer
concentration in said boiler that has value less than
that equivalent to said normal low C, concentration of
said inert tracer and wherein said variance indicator
is a concentration of said inert tracer of C,-C,,
wherein C, is at least about 5 percent of the value of

C...
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sol ubl e -hapht hal ene sul f ¢ B i1
_ 3,6, 8- pyr efie
e

, 5- napht acid, or

tetrasul f mﬂlﬂ “'mnlﬂl t hod of ‘ 2 225 , @ D&Epe
system wh eam iss generated in a boiler cledwat e —fad
boi l er, said feedwater introducing 4H9ur|t|es to boiler water wthin said
boil er and the concentration of said inpurities in said boiler water within
said boiler is reduced by wi t hdrawi ng fractions of said boiler water from

sai d boiler as normal %M %%Q&lgfq:oa%qglhoriao f%cig mt«,‘;r as

boi |l er water maekeup, sald bo
wherein said variance indicator is an inert tracer

r

concentration in said boiler that ﬁails to reach said
‘normal high C; concentration within a time period B and
wherein said boiler has open/élose blowdown valve
operations and said time period B is measured from said
closing of said blowdown valve to said time at which
said blowdown valve would normall reopen.
7. A method according to claim 1 or claim 2

1 wherein said boilder system has a normally-open
blowdown valve'that adjusts the blowdown rate depending
upon an indicating component build-up within said |
boiler, wherein when said inert tracer concentration in
said boiler has a value less than that equivalent to

i said normal low C, concentration of said inert tracer,
said normally-open blowdown valve would close in
response ﬁo said reading, and wherein tracer monitoring
apparatus is ahead of said blowdown valve and said
monitoring épparatus sees a tracer concentration while

a flow meter downstream of said blowdown valve sees no

[

flow, and said combination of conditions is said
variance indicator. |

8. A method according to claim 1 or claim 2
wherein said boiler system has a normally-open blowdown
valve that adjusts the blowdown rate depending upon the
concentration.of said inert tracer within séid boiler,

\
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having a concentration cycle va [ %d%MﬁL%@HEE&ﬂg

the av N of  an|ji NABtSHEETHARBEEN ss Iler water at

steadyimmumzmmmm\tmged by tfle conREPLAGEDON ofl shigl,i neb _____ 2 S&Ppsaggnt|l i n
said feedwdt et [8rr}, *said CONCERFF hef-t—colponent—na-saill
boil er water at steady state varyi ngSG a cyclic -concentration fluctuation

froma normal high 50

wherein when said inert tracer concentration in said
boiler has a value equivalent to said normal low C,
concentration of said inert tracer and said normally-
open blowdown valve is closed or there is no bldwdown
flow through the normal blowdown line, and said
combination of conditions is said variance indicator.

9. A wmethod according to claim 1 or claim 2
wherein said boiler system has a normally-open blowdown
valve that adjusts the blowdown rate depending upon
some indicated component build-up within said boiler,
wherein when saia inert tracer concentration in s#id
boilér_ﬁas a value less than that equivalent to said
normal low cb'concentration of said inert tracer said
normally-open blowdown valve would close in response to
said reading, and wherein the traéer monitoring

—apparatus is downstream of said blowdown valve and said
apparatus sées no tracer concentration and that
condition is said variance indicator. |

10. A method according to claim 1 or claim 2
wherein said variance indicator is an inert tracer
concentration in said boiler that has value less than
that equivalent to said normal low C, concentration of
said inert traéer or an inert tracer conqentration in
said boiler that fails to reach said normal high G,

concentration within a time period B, said time period

B being at least about that of said time period in
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5] , said normal | ow
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to said boider watef at a rate eqU|vaIEH1 to a known concentration [err] of
said inert tracer with respect to said feedwater; sensing a characteristic
of said inert tracer in said normal bl owdown at steady state correlated to
its concentrati omhichssaildbflietuabien ofi saidbinenti tragerohetweensCpasi s
and t hereby

and C, normally occurs, and

wherein said variance indicator is operating
parameter of said boiler system and said is activated
only when said variance indicator is detected at the
same time that an imbalance in said operating parameter
is seen.

11. A method according to claim 1 or claim 2
wherein said fluctuation of said inert tracer
concentration in said boiler water between C; and C, is
compared to the balance in steam load in said boiler
determined from flow signals,

and wherein an imbalance between the rate
feedwater is flowing into éaid boiler and the rate
steam is being discharged therefrom must be seen by
said monitoring apparatus at the éame time said
variance indicator in said normal fluctuation of said
inert tracer concentration indicates a leak before said
signal is activated.

12. A method acéording to claim 1 or claim 2
wherein said fluctpation of said inert tracer
concentration in said boiler water between C; and C, is
compared to the balance in the holding time of said
boiler and a calculated blowdown rate of said boiler,

and wherein an imbalance between said holding

time and said calculated blowdown rate must be seen by
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obtarming a plurality of sensg
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and refr@n1det§rn1ning sai d cyclic concentration fluctuation of said
inert tracer; optionally recording S d cyclic concentration fluctuation of
sai d inert -tracer; wherein a variance indicator is an inert tracer
concentration in said boiler water |less than said normal |ow [err]
concentration of saaddmondtorting @prarasms adr tther seoe dmee@s & i on

variance indicator in said normal fluctuation of said
jnert tracer concentration indicates a leak before said
signal is activated.

13. A method according to any one of the
preceding claims wherein said inert tracer is added to
said boiler water as a component of a formulated
product and said value equivalent to said concentration
of said inert tracer in said boiler water is the
concentration of said formulated product.

14. A method according to any one of the
preceding claims wherein said inert tracer is
fluorescent, in which said sensed characteristic of
said inert tracer is the intensity of said inert
tracer’s fluorescence emissivity.

15. A method according to claim 1 wherein the
selection of said inert tracer, the amount of said
inert tracer added to said boiier water and wavelengths
of excitation and emission selected for sensing said
inert tracer’s fluorescence emissivity provide a
relative fluorescence of said inert tracer of at least
about 5 for the-background fluorescence of said boiler
water.

16. A method according to any one of the
.preceding claims wherein said C, concentration of said

inert tracer at said steady state is at least about 1
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in said-berrer—water That fails_to reach said nor -
concentr at me per' e PoHsET AABITRENDRT | mipmammltsmﬁ'ét“
about t r\mg\‘ i\l'm“ ri od ijh whi @qu_a\utnfl uct atlon of said inert
tracer \‘E nor*mal hi g archis d). 2. 8BPiB96 | ow
concentratlon CL normal |y occurs, sg? conpari ng sald variance indicator to
an operating paraneter of said boi system and activating a signal when
said variance indicator is detected at the sane tine than an i nbal ance in
sai d operating ppbaneter is seen. 8. The method of claim7 wherein said

operating paraneter is the
17. A method according to claim 16 wherein said

Cz concentration of said inert tracer at said steady
state is no more than about 200 ppm.

18. A method accordihg to any one of the
preceding claims wherein said C, concentration of said
inert trécer at said steady state is from about S ppb
to about 7 ppm.

19. A method according to any one of the
preceding claims wherein said inert tracer is a
monosulfonated naphthalene, disulfonated naphthalene,
.trisulfonated naphthalene, a sulfonated pyrene or
water-soluble salt thereof.

20. A method according to claim 19 whérein said
inert tracer is a water-soluble salt of 2-naphthalene
sulfonic aci& or 1,5-naphthalene disulfonic acid.

21. A method according to claim 19 wherein said
ihert tracer is a water-soluble salt of 1,3,6,8-pyrene
tetrasulfonic acid. |

22. A method according to any one of the
preceding claims wherein said inert tracer is
introduced into said boiler as a component of said
feedwater in said known concentration C; therein.

23. A method of claim 22 wherein said average
cycles value of C./C; is determined by the average

concentrations of said inert tracer in said feedwater

T




bal a ' mload in said bojft
§chﬂrzeSEP rnm

[ mrned T+
and wher ce is an ﬂ%ﬁ& @z[b%@\%@ﬁ]
flow n ﬁ“mx \!ﬂmﬂr and t hejlrate bei ng!
b0|Ier d of claim?7 wherein said operat jing_pAraAfABTer1 s 4

bal ance between the holding tine of sasql,bci | er and a cal cul at ed

" and said blowdown and said cycles value is compared to
a standard operating cycles value for the operation of
said boiler, and in which the blowdown rate or a dosage
of a treating agent is changed if said determined
cycles value is not said standard operating cycles

value.
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bl owdown rate of said boiler, and wherein said inbalance is an inbal
bet ween sai d hol ding time and said cal cul ated bl owd et :hReSER AR -
of determ ning | eakage from a boil er watep-syst emwheret
generated in a boiler fromfeedwater fed“é@fsaid boil er, said feedwater .
introducing inpurities to boiler water within said. boiler and the
concentration of said-inpurities in said_bgj : etg within said boiler is
reduced by w thdraw ng fracti o RETHFTEH (?Fbgﬁﬁeélvg%‘é{r\ fromsaid boiler as

nor mal bl owdown while admtting addi gygn steemwater as boiler water
makeup, said boiler :

ABSTRACT

Leakage of water from a boiler water system wherein steam is generated in a boiler from
feedwater fed to the boiler, and the conceatration of impurities in the boiler water-within the

boiler is reduced by withdrawing fractions thereof 2s blowdown while admitting additional

—

Jé feedwater as boilec-water makeup, is determined. The boiler has a concentration cycle va!ue_', the
concentration cycle value being the average value of the concentration of an inert componeat in
the blowdown at steady state (Cy) divided by the concentration of the inert component in the

L. _ feedwater (Q) The concentration of the inert component in the boiler at steady state varies

from a high concentration Cg, ha.vix.xg a value that is higher than C;, to a low concentration C;,

having a value between the (C;) and the (C,), within a time period. The method comprises:

employing as the inert component an inert tracer;
sensing a characteristic of the inert tracer in the boiler at steady state equivalent to its
éoncc_nﬁation in the boiler water; |

¢ e _ converting the sensed characteristic to a value equivalent to the concentration of the inert

| tracer in the boiler water; and

activation of a signal when a variance in the cyclic concentration fluctuation of satd inert

tracer occurs that is consistent with a leakage of boiler water.

Figure 3



t he average concentration of an inert conponent in sdi er wate
steady state [err] divided by the concentration of sai Sptgngrz
said feedwater [err], said concentration of said inent. CofpoRen
boiler at steady state varyinng in a cyclic concentration froma nornmal high
concentration [err], said normal high concentration [err] having a val ue
that is higher than CF, to a nornal 1 ow concentration CL, said normal |ow
concentration CL having a value between said [err] and said [err], within a

time period, conprising:

having a concentration cycle value, said concentrati ¢n EHEA(FEM@'W&EE*”
o]o]] T at
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enpl oyi.r-'\_g'és' said inert conponent an inert tracer added to said boiler

water at’ a rate equivalent to a known concentration [ r:f}—_:gi——'s%‘r:ﬁ—'-’f’ﬁe%
tracer with respect to said feedwater; sensing a char REPLSCEVENT SHE ‘;\

inert tracer in said normal bl ovvd?y% at steady state rrel iid Eg @S@jﬁ
concentration in said boiler watef’on a substantially |tc@ata: u§ asT'sS “and
thereby obtaining a plurality of sensed characteristic ; .
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52 converting said plurality of sensed characteristi
of val ues each equivalent to said concentration of s EPhéPE'VIENicSHEErmI
sai d boiler water and therefrom determ ning said cycl g, @zw @n i
fluctuation of said inert tracer §mom said normal hi B8n i [e}*r]
to said normal |ow concentration CL in said boiler water;, Optronarty=

recording said cyclic concentratign &| g.ctyatqu of saigl w%t;,t NAC & from
said normal high concentration [err] to said norrmal |ow concentration CL in
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said boiler water; and .
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activation of a signal upon the detection of a variang sHeetr \
i ndi cates a variance in said cyclic concentration fl i
tracer consistent with a | eakage of a fraction of saijd boil
said boiler. 11. The method of claim 10 wherein said et
an inert tracer concentration in saloll‘boiler water th alls to reach-

said normal high [err] concentratg m@g 31' ' period B, said time
/ng saig{t’iﬁ!

period B being at | east about that eriod in which said cyclic.
fluctuation of said inert tfacef between said normal high concentration
[err] and said norrral-jk-evn—cmcent '
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CL normal ly occurs. 12 The nethod of claim 10 wherein

indicator is an inert tracer: concentration in said boile

val ue | esjlll"t]“ﬁalmuummﬂl ]l ow CL concentration of said
The net ho el n said variance indicator id| 28 t"“t“r’amnr

concentratlon “n'sal'd b er wat er that has val ue | ess
CL concentration of sai d inert tracé’ and wherein said
is a concentrgiapgs.of said inert tracer in said boiler

wherein [err] is at |east about 5 percent of the value

concentration [err].
1. A method of determining leakage from a boiler water

S

31' ﬁ'HEET

t ham 3said nornmal | ow
vari ance i ndi cator
wat er of [err],

of said nornal

system

wherein steam is generated in a boiler from feedwater fed to said

boiler, said feedwater introducing impurities to boiler water within

said boiler and the concentration of said impurities in said boiler

water within said boiler is reduced by withdrawing fractions of

said boiler water from said boiler as normal blowdown by means

of a blowdown valve bperation while admitting additional

feedwater to said boiler as boiler water makeup, said boiler

having a concentration cycle value, said concentration cycle value

being the average value of the concentration of an inert

component in said boiler water at steady state Cr divided by the

concentration of said inert component in said feedwater C,, said

concentration of said inert component in said boiler at steady

state varying from a normal high concentration Cy; said normal-

high concentration Cy having a value higher than said C-, to a

normal low concentration C;, said normal low concentration C,

having a value between said C; and said Cg, Within- a time period,

comprising:

employing as said inert component an inert tracer added to

said boiler water at a rate equivalent to a known concentration C;

of said inert tracer with 'respect to said feedwater;

sensing a characteristic of said inert tracer in said normal

‘blowdown at steady state correlated to its concentration in said

boiler water an a substantially continuous basis and thereby

obtaining-a plurality of sensed characteristic values;

converting said plurality of sensed characteristic values to

a plurality of values each equivalent to said concentration of said

inert tracer in said boiler water;

optionally recording said cyclic concentration fluctuation of

said inert tracer from Cy to C; in said boiler water; and

| ow



53 147. The rretjlod_gi——el—&i—m—iﬁ‘vm‘rei n said variance indi(

tracer concentration i Ier water that fails to reagﬁuhal Eﬁ%?@i
high [err] concﬂ“‘l ml ‘ﬂgﬂ t| me period B and wheré€ i as

a bl ondown val v

1x0se bl owdown val ve operati

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

period Bis the normal tine interval between the closing of said bl owdown

valve to the

43
activation of a signal upon the detection of a variance
indicator that indicates a variance in said cyclic concentration
fluctuation consistent with a leakage at a fraction df said boiler
water from said boiler in combination with a posture of said

blowdown valve.

2. The method of claim 1 wherein said blowdown valve operation
is a normally-open blowdown valve that adjusts the blowdown
rate depending upon an indicatcd component build-up within said
boiler, wherein said normally-open blowdown valve closes when
said inert tracer concentration in said boiler water is less than said
normal low concentration C; of said inert tracer, wherein a tracer
monitoring épparatus is ahead of said blowdown valve, wherein
said variance indicator is said monitoring apparatus seeing a

tracer concentration while a flow meter downstream of said

.- blowdown valve sees no blowdown discharge flow. - -

A

3. The method of claim 1 wherein said blowdown valve operation
is-a normally-open blowdown valve that adjusts the blowdown

rate of flow through a normal blowdown depending upon the

- concentration of said inert tracer in said boiler water, wherein

said variance indicator is an inert tracer concentration in said
boiler equivalent to said normal low concentration C,; of said inert
tracer when said normally-open blowdown valve is closed or there
is a zero rate of said blowdown flow through said normal

blowdown line.



ti rre at val ve woul d normal ly reopen — -
m 10 wherein said inert tracer is added to sai d boi{l (i EPMVACEMENT SHEET

corrponenum“lm“m u product. 16. The method of cljai m 10 gh§ONi 1993 ai ¢
I nert tr cent tracer having a fluoresc h@étee' ~584 i Ly UpOY]

excitation, and wherein said sensed characteristic of s
the intensity of said fluorescence éf ssivity. 17. The nethod of claim 16

wherein the che nount of said

inert tracer g’dg}e]%ﬂi%ﬁé;flgtia Hi?ﬁg‘?'ﬁére&aéﬁj mﬁ‘;&mé% engpﬁggﬁfﬂexm tation and
en ssi on usedisf arnormally-open blowdown valve that adjusts the blowdown

rate depending upon some indica_ted component build-up within
said boiler, Wherein said normally-open blowdown valve would
close in response to a reading that said inert tracer concentration
in said boiler has a value less than said normal low concentration
C, of said inert tracer, and wherein a tracer monitoring apparatus
is downstream of said blowdown valve and said variance
indicator is said monitoring apparatus seeing no tracer

concentration.

5. The method of claim 1 wherein said inert tracer is a fluorescent
tracer having a fluorescence emissivity upon excitation, and
wherein said sensed characteristic of said inert tracer is the

intensity of said fluorescence emissivity.

6. The method of claim 5 wherein said inert tracer is a .water-
soluble salt of 2-naphthalene sulfonic acid, or a water-soluble salt
.of 1,56-naphthalene disulfonic acid, or a water-soluble salt of

1,3,6.8-pyrene tetrasulfonic acid.

7. A method of determining leakage from a boiler water system
wherein steam is generated in a boiler from feedwater fed to said
boiler, said feedwater introducing impurities to boiler water within
said boiler and the concentration of said impurities in said boiler
water within said boiler is reduced by withdrawing fractions of
said boiler water from said boiler as normal blowdown while
admitting additional feedwater as boiler water makeup, said boiler
having a concentration cycle value, said concentration cycle value
being the average concentration of an inert component in said
boiler water at steady state C. divided by the concentration of
said inert component in said feedwater C;, said concentration of
said inert component in said boiler water at. steady state varying

in a cyclic concentration fluctuation from a normal high



sensi uorescence emssivity provide a re egEl

" of sal m | east about 5 for the backgrun

said b mwmc“‘“& he nethod of claim 16 where;j
concent of ssafd inert tracer at said steady stad
ppb to about 7 ppm 19. The ‘method of claim 16 wherein said

a nonosul f onat ed napht hal ene, di®ul f onat ed napht hal ene,

napht hal ene, g,8ul A0k e8,, PYLi&Sorfal MK coRQdrtiliBn S&), thavigr QOf

value higher than said Cg to a normal low concentration C;, said

normal low concentration C; having a value between said C; and
Cr, within a time period, comprising:

employing as said inert component an inert tracer to said
boiler water at a rate equivalent to a. known concentration C; of
said inert tracer with respect to said feedwater;

sensing a characteristic of said inert tracer in said normal
blowdown.at steady state correlated to its concentration in said
boiler water on a substantially continuous basis and thereby
obtaining a plurality of sensed characteristic values;

converting said plurality of sensed characteristic values to
a plurality of values each equivalent to said concentration of said
inert tracer in said boiler water and therefrom determining said
cyclic concentration fluctuation of said inert tracer;

optionally recording said cyclic concentration fluctuation of
said inert tracer; . _

wherein a variance indicator is an inert tracer
concentration in said boiler water less than said normal IoW C,
concentration of said inert tracer or an inert tracer concentration
in said boiler water that fails to reach said normal high Cy
concentration within a time period B, said time period B being at
least about that of the time period in which said fluctuation of
said inert tracer between said normal high concentration Cy and
said normal low concentration C, normally occurs, and

comparing said variance indicator to an operating
parameter of said boiler system and activating a signal when said
variance indicator is detected at the same time than an imbalance

in said operating parameter is seen.

8. The method of claim 7 wherein said operating parameter is the

balance in steam load in said boiler determined from flow signals,
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claim 10 Wherein said inert tracer is introduced into s
conponent of said feedwater .i

3,6,8-pyrene tetrasul fonic aci
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and wherein §aid imbalance is an imbalance between the
rate feedwater is flowing into said boiler and the rate steam is

being discharged from said boiler. .

9. The method of claim 7 wherein said operating parameter is a
balance between the holding time of said boiler and a calculated
blowdown rate of said boiler,

and wherein said imbalance is an imbalance between said

holding time and said calculated blowdown rate.

10. A method of determining leakage from a boiler water system
wherein steam is generated in a boiler from feedwater fed to said
boiler, said feedwater introducing impurities to boiler water within
said. boiler and the concentration of said impurities in said boiler

water within said boiler is reduced by withdrawing fractions of

. said boiler water from said boiler as normal blowdown while

admitting additional feedwater as boiler water makeup, said boiler
having a concentration cycle value, said concentration cycle value
being the average concentration of an inert component in said

boiler water at steady state Cp divided by the concentration of

said inert component in said feedwater C;, said concentration of - -

said inert component in said boiler at steady state varying in a
cyclic concentration from a normal high concentration C,, said
normal high concentration C, having a value that is higher than
Cs, to a normal low concentration C;, said normal low
concentration C; having a value between said C; and said Cg,
within a-time period, comprising:

employing as said inert component an inert tracer added to
said boiler water at a rate equivalent to a known concentration C,
of said inert tra'cer with respect to said feedwater;

sensing a characteristic of said inert tracer in said normal
blowdown at steady state correlated to its concé'ntration in said

boiler water on a substantially continuous basis and thereby

obtaining a plurality of sensed characteristic values;
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converting said plurality of sensed characteristic values to
a plurality of values each equivalent to said concentration of said
inert tracer in said boiler water gnd therefrom determining said
cyclic concentration fluctuation of said inert tracer from said
normal high concentration Cy to said normal low concentration C,
in said boiler water;

optionally recording said cyclic concentration fluctuation of
said inert tracer from said normal high concentration C, to said
normal low concentration C, in said boiler water; and

activation of a signal upon the detection of a variance
indicator that indicates a variance in said cyclic concentration
fluctuation of said inert tracer consistent with a leakage of a

fraction of said boiler water from said boiler.

11. The method of claim 10 wherein said variance indicator is an
inert tracer concentration in said boiler water that fails to reach-
said normal high C, concentration within a time period B, said
time period B being at least about that of said time period in
which said cyclic fluctuation of said inert tracer between said
normal high concentration Cy and said normal low concentration

C, normally occurs.

12. The method of claim 10 wherein said variance indicator is an
inert tracer concentration in said boiler water that has value less

than said normal low C, concentration of said inert tracer.

13. The.method of claim 10 wherein said variance indicator is an
inert tracer concentration in said boiler water that has value less
than said normal low C, concentration of said inert tracer and
wherein said variance indicator is a concentration of said inert
tracer in said boiler water of C;-Cp, wherein Cp is at least about 5

percent of the value of said normal low concentration C,.
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14. The method of cldim 10 wherein said variance indicator is an
inert tracer concentration in said boiler water that fails to reach
said normal high Cy concentratiqn within a time period B and
wherein said boiler has a blowdown valve having open/close
blowdown valve operations and said time period B is the normal
time interval between the closing of said blowdown valve to the

time at which said blowdown valve would normally reopen.

15. The method of claim 10 wherein said inert tracer is added to

said boiler water as a component of a formulated product.

16. The method of claim 10 wherein said inert tracer is a
fluorescent tracer having a fluorescence emissivity upon
excitation, and wherein said sensed characteristic of said inert

tracer is the intensity of said fluorescence emissivity.

17. The method of claim 16 wherein the chemical specie used as
said inert tracer, the amount of said inert tracer added to said
.boiler. water, and wavelengths of excitation and emission used for
sensing said fluorescence emissivity provide a relative
fluorescence of said inert tracer of at least about-5 for the

background fluorescence of said boiler water.

18. The method of claim 16 wherein said normal low
concentration C, of said inert tracer at said steady state is from

about 5 ppb to about 7 ppm.

19. The method of claim 16 wherein said inert tracer is a
monosulfonated naphthalene, disulfonated naphthalene,
trisulfonated naphthalene, a sulfonated pyrene or water-soluble

salt thereof.
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20. The method of claim 16 wherein said inert tracer is a water-
soluble salt of 2—naphthélene sulfonic acid or 1,5-naphthalene
disulfonic acid or a water-soluble salt of 1,3,6,8-pyrene

tetrasulfonic acid.

21. The method of claim 10 wherein said inert tracer is
introduced into said boiler as a component of said feedwater in

said known concentration C; therein.

22. The method of claim 21 further including the steps of
determining said concentration cycle value, comparing said
concentration cycle value to a standard operating cycles value for
the operation of said boiler, and changing the blowdown rate or a
dosage of a treating agent if said concentration cycle value is nbt

said standard operating cycles value.



