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INTRODUCTION 

The increasing importance of salt water hand- 
ling, either in disposal or water-flood operations, 
has demanded development of better methods. 
A full understanding of basic parameters is a 
fundamental prerequisite to creating the best 
plant design and to determining the most ef- 
fective operating practices. Toward this end var- 
ious methods have been proposed to define “wa- 
ter quality”, diagnose problems, predict poten- 
tial problems and ultimately, to use these techni- 
cal methods to maximize operating efficiency. 
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It is a major purpose of this paper to present a 
heretofore unpublished concept that lends itself 
to direct application by a non-specialist engi- 
neers. While involving a comprehensive in depth, 
technical investigation, the interpretation process 
is simplified so that unusual technical skills are 
not required in most instances. On the few oc- 
casions when greater specialized knowledge is 
needed, the concept provides an essential base 
from which a more sophisticated approach must 
begin. 

Specifically, a standardized format is propos- 
ed whereby engineers can inspect a series of 
charts or graphs and “read-out” pertinent fea- 
tures of an injection system’s performance. While 
the “read-out” process is, after a little practice, so 
self-evident as to appear quite simple, the in- 
dividual is in effect solving partial chemical ma- 
terial balance calculations that logically lead to 
development of sound engineering practices, 

The concept has evolved over a period of al- 
most I] years from experience on setTera hun- 
dred iniection systems. It is hoped that the plan 
of attack will prove helpful to engineers corlfront- 
cd with problems of water handling. 

BASIC CONCEPT 

The proposed plan of water quality control 
can be illustrated by noting the physica] similar- 

ity of water injection systems and chemical 
manufarturing plants. Both convert raw mater- 
ial to finished products. Either may be simple 
or llighly complex. Systematic collection of basic 
in-put out-put data is recognized as a require- 
ment for efficient operation of a manufacturing 
ljlant. If operational problems develop, product 
quality deteriorates and efficiency declines. Con- 
trol data. both background and current, must be 
a\~ail;~ble to recognize and diagnose problems SO 

that cborrective adjustments can be made. The 
same process of data collection, though perhaps 
less recaognized, pro\.ides a convenient way to 
determir,e performance characteristics of water 
injection systems. The secret of effective ap- 
plication lies in the selection of data to be col- 
lected, the manner in which they are processed 
and presented and, finally, in the technique of 
i:‘terpretation. 

Presented herein is a plan that can be readily 
adapted to almost every water injection system 
Ivhether it be large or small, single or complex. 

\l’hile a comprehensive Water Quality Con- 
trol study involves physical inspecting and 
testing, relyiewing records and history, labora- 
tory work, etc., it is the technical data package 
that ultimately forms the base from which con- 
clusions are drawn. It is this phase that normall> 
lies outside of the direct control of field engin- 
eer-s. Other factors, though important to success, 
are be,yond the scope of this paper. Suffice to 
sav. pure technical data must be tempered with 
;I thorough knowledge of physical facts and op- 
rrat ing history. 

ln nractice, a water injection system is div- 
ided into complexitv Doints and basic data col- 
lpctcd at each noint so that performance can he 
dntcrmincd bv chemical material balance cal- 
culations. To withstand the technical demands of 
this nlan. precise sampling and testing techni- 
nupq rnnllst be follo\ved avd exacting analvtica] 
nroc*cdurcs emnlovetl Standardized data nres- 
pntation forms rrentlv simplify interpretation so 



that pertinent features can be readily Observed 
by visual inspection. 

Points of investigation begin with raw water 
sources and follow the path of flow through the 
plant with data collected wherever water is pur- 
posefully changed OI has an opportunity to 
change. For example, purposeful changes in- 
clude chemical treatment, filtration, etc. Op- 
portunity to change occurs in tanks or other 
surface vessels and where \traters are mixed. 

It is important that all testing and sampling be 
done near as simultaneously as possible. Ideally, 
a snapshot picture of a representative moment 
of operation is taken. To the degree that random 
sampling occurs, the probability of a reliable 
chemical balance declines. Similarly, if empirical- 
ly derived “yardsticks” of interpretation are to 
be used there can be absolutely no tolerance for 
change in methods of taking samples or pro- 
cessing of laboratory data. 

The following basic data are collected: 
(1.) At each individual test point: 

(a) Membrane filter test with chemical 
analysis of residue 

(b) Determination of Sensitivity Factor 
by analysis of primary suspended 
solids 

(c) Analysis of dissolved minerals and 
gases 

(d) Determination of Sulfate Reducing 
Bacteria Activity 

(2.) General. (Type and amount varies with 
each system) 
(a) Analysis of scale and/or corrosion 

products 
(b) Determination of amount and analy- 

sis of tank bottom sediments 
(c) Analysis of solids back flowed 01 

swabbed from injection wells 
(d) Destructive inspection of pipe sam- 

ples removed from service 
(e) Visual and chemical examination of 

coupons I*, l.l, I4 

It is evident from the type tests conducted that 
an intense effort is made to learn as much as 
possible about the chemistry of the system. 

The following discussion describes how par- 
tions of the above information are collected and 
illustrates how they can be used by production 
engineers in deriving a quantitative expression 
of water quality. Space limitations prevent dis- 
cussion of every step. However, important. but 
less familiar items, are treated in detail. Terms 

1 

unique to this concept are defined. “Rules of 
thumb” and empirically based “yardsticks” a$ 
presented. ?f 

ln order to facilitate explanation, data from 9 
actual field study are used for illustration. 

.i 

DE;SCRIPTION OF SAMPLE INJECTION SYS: 
TEM .+; 

i 
The sample injection system disposes of brine 

from the following batteries: 

Ihtler\ Formation. 

No. 1 

No. 2 

324 

13,548 

Oligocene 

01 igocene 

No. 3 26,103 Oligocene I- 
Miocene and ‘1 
Miocene “B” Upper 

No. 4 19,190 Oligocene and 
Basal hliocene 

No. 5 26,104 Oligocene and 
I3asaI hliocene ’ 

Total 85,270 
Water is collected in a central accumulator 

tank and pumped through six cartridge type fil- 
ters to one disposal well. 

Operations were commenced into this injec- 
tion well in 1053. At that time a sand section 
between 3502 and 3510 ft took 1440 BPD at 85 
psi surface pressure. 

Additional zones were perforated o\.er a per- 
iod of years to pro\*itle required capacity. In 1960, 
after two new inter\.als were perforated, the in- i 
jection rate was 3500 BPD at 110 psi. All prior 
injection zones were eliminated in August, 1964, j 
and the well was re-completed in a non-produc- : 
tive Miocene sand at 4’/50 - 4780 ft. Injected sand 
face appeared tight and difficulties were exper- 
ienced in getting the \frell to take water. Sub- 
sequentl?;. tests indicsated injectivity rates to be 
5.4 bbl per minute or 7776 RPD at 175 psi surface 
pressure. 

The rate decreased rapidly to two bbls per 
minute. The well was backwashed and the orig- 
inal rate temporarily re-established. 

A water quality control study was made to de- 
termine the cause’ of plugging and otherwise de- 
fine operating c.onditions. 

In the case of the sample injection system, 
eight test points were investigated. Fig. I shows 
a schematic layout of the system with each test 
point graphical1.v identified. 
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{EMBRANE FILTER TESTS 

Membrane filtration tests were performed at 
ach selected point to obtain a precise measure- 
lent of undissolved solids existing under “in- 
ne” flowing conditions. A side-stream of water 
[as diverted through apparatus installed in a 
pecially equipped test car so that all suspended 
?atter in the flow stream was collected on a cel- 
Ilose-ester filter element of less than one-half 
micron pore size. The element containing the 

olids was then dissolved in acetone, leaving the 
ediments that were originally present in the 
Fater system at the point of test. A chemical 
nalysis was made of the residue. Fig. 2 is a plot 
f these data in units of Milligrams per Liter. 
‘he undissolved constituents existing under “in- 
ne” conditions are referred io as Component 
A”. Component “B”, or the solids precipitating 
9 a sample bottle as a result of time lapse, pres- 
ure and temperature changes, and partial oxi- 
ation or reduction will be described later. 

While the unit Milligrams per Liter, a weight 
er volume relationship, denotes the concentra- 
Ion of undissolved solids, a more definite ex- 
ression must take into account the volume of 
rater being handled by each raw water source 
r combination thereof. Jn this way, the total con- 
bibution of plugging materials from individual 
?urces or mixtures can be determined. The unit, 

Pounds per Day, is used for this purpose because 
it is quite descriptive and easily understood. 
Conversion to Pounds per Barrel is obtained by 
multiplying Milligrams per Liter by 0.00035. In 
turn, this value multiplied hy Barrels per Day 
yeilds Pounds of Plugging Solids per Day. Fig. 3 
is a graphic presentation of these data. 

In combination, Figs. 2 and 3 reveal much in 
the way of determining what is happening as 
water passes through the system or is mixed with 
waters from other sources. A simplified material 
balance can be quickly made by visual inspection. 
For example, it may be noted that chemically 
active constituents, i. e. iron salts, calcium car- 
bonate, borium sulfate, etc., are low or do not ex- 
ist in water at source NO. 1, source No. 2 or 

source No. 3 and in mixtures of these two waters 
after passing through small field collection tank. 
The fact that no further aeration is occurring in 
the field collection tank taking water from these 
two sources is evident from both Figs. 2 and 3. 
The Milligrams per J,iter plot remains the same 
for both individual sources and the mixture of 

them. Likewise, the Pounds per Day contribution 
of one source plus that of the other equals that 
measured downstream of the tank where they are 
mixed. Therefore, material balance demands that 
solids are neither dee.easing due to settling, nor 
are they increasing due the further aeration. It 
can be concluded that iron precipitation in the 
two affected sources is being caused by aeration 
either in or upstream of the gunbarrels. Similar- 
ly it can be concluded that other sources are not 
being exposed to air prior to oil-water separa- 
tion. 

By contrast, evidence suggests that the total 
composite flow is being further aerated in the 
central station collection tank. The Pounds per 
Day of iron oxide downstream of this tank 
exceeds the sum of precipitated iron oxide from 
individual sources going into the vessel. While 
it is possible that a portion of the precipitate 
is settling in the tank, material balance demon- 
strates that an excess is being formed by air 
entering the tank. It is evident that a careful 
physical inspection should be made to assure 
that an oil seal is intact and that inlet and 
outlet lines are so arranged as to minimize 
turbulence. 

Following the behavior of chemically inactive 
products through the system in a like manner 
also sheds light on overall plant performance. 
Silica and organic matter are the primary con- 
stituents in this category. It may be seen that 
only one individual source, namely source No. 1, 
contains a high concentration of silca. Because 
of extremely low rates from this source, the 
actual Pounds per Day of Silca is insignificant. 
However, measurements at the outlet of the 
central collection tank indicate substantially 
more silica than the sum of all individual inlet 
sources. Since silica content is not affected by 
chemical changes. the excess shown at the 
central station must orginate from one or more 
sources by a process of intermittent slugs. A 
likely suspect in this case would be the No. I 
source. 

Organic matter measurements by side stream 
testing, unlike others previously described, are 
not absolute values. Clean oil, as a function of 
test pressure, will pass through the membrane 
filter and thus not be collected for analysis. 
Likewise, clean oil can be displaced into the 
injected formation without difficulty. However, 
oil will form an envelope around any foreign 
solid particles. This type material is collected 
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on the membrane filter element to be subsequent- 
Iy identified by chemical analysis In the same 
manner, these oil coated particles cause signifi- 
cant damage to injected sand faces. 

Examination of Figs. 2 and 3 reveals a very 
high organic content at source No. 4 and source 
No. 5. The effect of oil coated particles permitted 
a filtered volume of only a few hundred millili- 
ters at these points. While, admittedly, test 
pressures were very low, the adverse effect on 
injectivity remains evident. As oil bearing water 
mixes with others in the collection tank and 
comes in intimate contact with an excess supply 
of iron and silica particles, the overall effect 
of oil carry over is greatly aggravated. 

Figs. 2 and 3 dramatically demonstrate the 
ineffectiveness of existing filters in removing 
precipitated iron products. Filters are expected to 
remove undissolved solids from the water. It 
may be seen that none of the precipitated iron 
constituents are being removed. Hence, so fai 
as this material is concerned, filtration efficienq 
is zero. The inability of existing cartridge type 
filters to reduce overall plugging solids to a 
desirable level is also illustrated. Approximately 
i-l :2 lbs per day of solids are entering the 
filter. Of this only about 2-l/2 lbs per day are 
being removed. The rest, or almost five lbs per 
day, is entering the well. In one year, neglecting 
well cleanout and/or backwash and the yuantit? 
displaced into the sand, almost one ton of solids 

could collect in the well bore. 
Although flow rate capacity of the six filter 

assemblies is allegedly 7,500 bbl per day, it 
must be kept in mind that this is based on clean 
water. The capacitv in terms of Pounds per 
Element is more meaningful. There are four 
elen!ents per filter of a total of 24 elements. If 
each element has a capacity of three pounds of 
solids. then the total filter capacity is 72 lbs. 
At the present rate of filter load, i. e., 7-1 ‘2 lhs 
per day, the element life, neglecting backwash, 
is less than 10 days. It is unlikely that backwash 
efficiency will exceed 75 per cent. If this is 
achieved, the calculated effective element life 
would be a little over one month, Looked at in 
this perspective, the measured low filtration 
efficiency is not surprising. 

ln reviewing “in-line” plugging solids data, an 
empirically derived “rule of thumb” is helpful, 

i. e.. a good quality water should contain less 
than two milligrams per liter of total undissolved 
solids. It is evident that different formations 

have different tolerances. Likewise, various 
dissolved solids exhibit varying degrees of 
ging. However, lacking specific data in thi 
nection, the two milligrams per liter limit 
vides a good practical starting goal. 

SENSITIVITY FACTOR (Primary Suspen 
Solids) 

Primary suspended solids are defined as 
undissolved matter existing under “in-line” co 
ditions plus those precipitating after a sam 
is collected. “After sampling” precipitation 
usually the result of: 

(1) Lapse in time 
(2) Change in temperature 
(3) Change in pressure 
(4) Partial aeration 

and,,or 
;,j 

(5) Partial chemical reduc.tion 
‘1 

‘1‘1~ quantity of “after sampling” precipitations 
is referred to as Component “I%“. ii : 

3 At the instant of sampling. “in-line” undis-i 
solved solids (Component “A”) are present in,] 
the container. Heginning immediately and con-i 
tinuing for an unknown period of time, other 1 
prec~il:ilatcs form (Conil~oncnt “13”). Coml~onent .,i 
“A” is measu~-cd directly by membrane filter .!; 
residue anal>rsis ( Id’@. 1 and 3). Components :i 
“A” plus “II” are quantitatii-ely determined by f 
chemical anal?.sis of the residue,” obtained by i 
!;II)or;\toi.v filtration of tllc sample. .A 

The c~~ml~inntion of ir!itlissol\*etl suspended ’ 
solids (Comnoncnt “A” :1n<1 “1:“) is referred to as 
Sensitivity l?~cto~.. It is ;in indication of the 
tendem?, of a given water to precipitate plug- * 
ging solids under c~lian~ing conditions that are 
common lo most i1ijer.t ion svstcms. Pret*isely . 
controlled sampling proc*edures control the de- 
gree of “c*lianging” cxonclitions and provide re- 
producibilit~~ of clata. 

If t11ew \~alucs ;II‘t’ to 1~ clttantitati\.elv in- 
terprct ed. it is csscntial that the sample be 
taken in the carcfull,v l)resc.ribed manner and 
that the same lal~oi~atory tcc~hniques be emptoy- 
cd in each determination. Tt is ob\,ious that this is 
also true of any subsequent studies which must 
be compared to pre\,ious investigations. Other- 
wise, a random and uninterpretahle mass of 
data results. . 

Fig. 3 is a graphic liresentation of Primary 
Suspended Solids in units of Milligrams per Liter. 
Fig. 5 presents Primary Suspended Solids in 
terms Of Pounds per Ilay of plugging material. 
The measured contritmtion of each individual 
water SOUIYT and combination thereof is shown. 
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Simply stated, Sensitivity Factor (Figs. 4 and 
5) depicts what can happen under var@g con- 
ditions within practical limits and “in-line” 
solids ((Figs. 2 and 3) demonstrate actual field 
conditions at the time of test. 

It may be noted from Figs. 4 and 5 that the 
individual waters in this system exhibit varying 
tendencies to precipitate solids. Without ex- 
ception, they are all sensitive to aeration. The 
principal precipitated product in each case is 
iron oxide. 

Source No. 1 contains the greatest concen- 
tration of primary suspended solids of any single 
water source. However, due to its small \,olume. 
the contribution in Pounds per Day to the systenl 
is small, at least for prevailing conditions on 
the day of test. Silica, a chemically inactive ele- 
ment, as in the case of “in-line” solids, is present 
in an amount suggestive of intermittent slugs 
from Source No. 1. 

Potential Suspended Solid values for the com- 
posite brine-downstream of the collection tank 
indicate a potential precipitation of almost 20 
lbs per day of plugging solids. If air is introduced 
in the collection tank and time is not sufficient 
for reactions to be completed, then a large 
volume of plugging solids will be injected even 
if filtration efficiency is perfect. The importance 
of maintaining completely air free conditions is 
readily apparent. . 

Other commonI!. encountered chemical]!. 

active precipitates, suc~h as calcium carbonate. 
calcium sulfate, barium sulfate, etc., are not 
present in this system. 

While not measured direcstly in this case. cal- 
caulations show that all water sources are also 

sensitive to hydrogen sulfide. Free, naturalI>. 
occurring hydrogen sulfide is not present. Ho\v- 
ever . should this gas be generated 1)~ h;~ctcria] 
action the end result \vill lo the same. Large 
~IIIlOUlltS Of hlac*k iron sulfide \vil] ])rcci],it;ltc. 
This factor is discbussed because a ]atc>nt p~‘o- 
I)lem exists. While b;rcteria arc present, they ;I,‘(’ 
not ac‘ti1.e enough to cause trouble. c,i\-cn ;,,I 
enviornment conduri\.c to growth. the ba(,tel.i;l 
can qUic*kly c*ontaminate the entire sys:fel71. If 
this potential c*onclition is rccognizcd. sj~lll)]c~ 
mechanical and pro(~dr~r;il ])rcc~;lutions (*;ln ],(> 
taken to pre\.cnt prol~ltms. 111 K:cncr;I]. sca(]inl(lnts 
must not I)c ;lllo\vc~d to ;Icc~uniu];~te iI1 g:un]);ll~r~~]s. 
tanks, or \.essels. 1 ‘nuscd or infreql~cnt]y usc(l 
hy-pass lines should IX> calimi nated or f]ushc(] on 
a regular schetlllle. The \~olumc and frequ(~nc~\. 

of flush can be determined experimentally and 
will vary from place to place. 

Symptoms of increased bacteria activity can 
1~ \.isuall?: detected by observing color changes 
in flush \Volunles from “dead” zones. Any evi- 
dence of a darkening color should be investigat- 
ed. Likewise, a build-up of dark colored sediment 
in \.essels should be regarded with suspicion. 

DJSSOLVICD SOLIDS AND GASES IN WATER 
Dissolved minerals and gases in water samples 

were determined by chemicul analysis. Again 
the sampling p rocedures, as well as laboratory 
anal~~tic~al tcc*liniques, a1.e important if the data 
a1.e to be c]uantitati\-ely interpreted according 
to estal~lishctl empiricall>. deri\.ed “yardsticks”’ 

l~~l~onl these data, sc,aling and corrosion tend- 
encxies arc determined. Stability index at two 
temperatures is routinely calculated. (Fig. 7).15 
Likejvise, c~alcium sulfate solubility is calculated 
along \\vitli the theoretical maximum of calcium 
slllf;ltc‘ IJossihIc in a gi\.en water. This infor- 
mation is reported in the lower left hand corner 
of st;i ntia~d \\rater report form slio\\yn in Fig. 11. Ii 
As ;I rule of thumb. if the maximum calcium 
sulfate possible \,alue is less than 70 per cent of 
the solul)ilit!- :I( hot]1 temperatures. then no 
field pl‘ohlem is anticipated. This is the case in all 
water SOUIXYX shown here, (Fig. G). On the other 
hand. when the possible calcium sulfate value 
csc~~tis SO pei. c,ent of solubility at either tem- 
perature. ])l‘ec~~iutiona~?- steps must be considered. 

Compatil~ilit~ of 1vatel.s is also estimated from 
tlissol\.etl mineral data. For example, while 
barium and sulfate ions can co-exist in solution 
up to cael.tain rather \:aguely defined limits, the 
prescncte of both ions in a single water signals 
c~onc.crn. The text book type theoretical solubil- 
it!. of’ barium sulfate is \pery low.‘” However, 
csl)erielic~o has sholvn that, in some complex oil 
ficblcl hrincs. siii;~ll c*onc,entrations can remain 
in solution \\rith no harmful effects. Technical 
unc~cli?:lint ios arc suc*]i that the degree of pre- 
(,i])i tilt ion c*annot be accurately predicted from 
:~n;ll>~tic~;tl c]:lta :llone. As ;I “rule of thumb”, based 
on cmpiric*al e\.idenc,e, the presence of both 
IJnriuni :intl SlllfiItc in a range of one part per 
million 10 20 parts per million is considered a 
(*atit ioil zone. I%~~‘iurn sulfate may or may not 
])l’c~(‘i]):itc. \\‘licn the lcsscr ion exceeds 30 parts 
I)(‘!‘ million. a dilngcrous condition exists and the 
ocl(ls g:1x~:1tl,v favor precipitation in the field. 

‘I‘llis ~YJIII~JOUI~~~. forming on the face of an 
injcc~tccl formation, is particularly harmful be- 



various waters in an unknown misture. This-t 
can be accomplished graphically by plottingj 
dissolved solids data on the graphical calculato$j 
form for determining water mixtures. Fig. 1 
illustrates the application of this technique. 

SI’l,FATI~: Rl~:l~l’ClKC, RACTERTA -4CTI-V 

.\dverse effects of bacteria on water qua 
have been described in the literature. Of 
many organisms that can potential1.v cause 
blems. the type often referred to simpl 
“sulfate reducing bacteria” is most common. 
\\'Il'lfL xlllr~lt~‘ rc>ciucsing bacteria can and do 
p~wiuce harmful effects in water s!rstems. their’ 
presence does not necessarily mean that field 
problems will result. This type of bacteria can rZ 
be cultured in a high percentage of waters. HOW-:] 

ever, they are harmful in on1.v a few. Problems$’ 
caused by this organism are usually related tog 
its capa7cit.v to generate hydrogen sulfide. While,: 
not denying the importance of other bacteria,3 
specific, tests for sulfate reducers only are includ-‘$ 
ed in the standardized data package. 

.I ‘h 
‘4 

In most cases. the simple and inexpensive$ 
Rncteria Acti\.ity Index technique will detect p 
significant contamination.20 Tnterpretation of s$, 
measurements by this procedure is based on $ 
statistical e\-idence compiled over a 70 year per- I$ 
iod involving thousands of indivedual tests on .! 
se\veral hundred injection systems. 

-F .* 

Tnfrequently, when conditions do not permit :$ 
the simplified approach. other evidence is used 3 
I(> ‘~~~~‘IsuIY the cffcc,t of I)a(~tcrin. On occasion, the ‘? 
more c~om~~rehc~~si\~e, nnd more expensi\.e. stand- :I 
ardized proc*edure suggested by the API- Recom- f 
mended Pratt ice I31’3S is desired. 4 

. 
2% 

The l<acteria A(?ivitv Index procedure was -3 
used in the sample study. Data are presented $j 
in Fig. 9. Tt may be noted from the printed form 2 
that Tndex Values below 10 denote a safe operat- ? 
ing range. Above 20 is a danger zone and the ‘!; 
odds are that practical field problems exist. Be- ? 
tween 10 and 20 lies a twilight zone of unpre- ‘.: 
dictnhle meaning and caution is indicated. Not ” 
the least of these factors is the sensitivity of the i 
water to reactions with hydrogen sulfide as dis- ii 
cussed elsewhere in this report. 

I 

Tt may be noted from Fig. 9 that all values of *t 
bacteria activity 0~ the day of test were below $ 
10 and therefore in the safe operating zone. As 
discussed previously. these bacteria, given a 
favorable environment, will increase in activity. ) 
Changes can occur quickly. Since water en- i.I 
sitivity is high with respect to hydrogen sulfide :,; 

cause it cannot be reliably removed by any 
known chemical procedure. Mechanica under- 
reaming, heal-y fracing or some other equally 
drastic step must be employed to correct the 

damage. 
It mav be noted that all these waters contain 

substantial concentrations of barium and small, 
but measureable. amounts of sulfate. Ficr. 8 
graphically presents these data. In view of the 
indicated caution zone condition. special fusion 
technirlues were employed to establish the pre- 
sence or ahscncc of barium sulfate in nrimar~ 
suspended solids. sediment removed from a field 
filter element. and in membrane filter residues. 
\\‘ith the clsc.ent ion of on!\. 0.5 per cent found 
in 1111: filtchr clcnicnt deposit. all other 1*esults 

u.c’r(‘ iiw;~t i\-c. 
It is not believed that barium sulfate deposition 

is a problem at this time. Howelrer. if and when 
sulfate ions enter the system from casing leaks, 
cement channels or in any other manner. serious 
difficulties will be encountered. 

Recognizing the latent possibility, the operator 
should remain alert for the presence of sulfate 
ions. Any rapid change in water-cut from in- 
di\,idual wells shouId be \.iewed with suspicion. 
In the absence of observed changes in produced 
water volumes, periodic analyses of wellhead 
samples will provide positive preventive control. 

A theoretical value of sensitivity of a water 
to aeration and/or reduction by hydrogen sulfide 
can be deduced from dissolved solids analysis. 
For example, if dissolved iron is present, the 
amount of iron that will precipitate, given suf- 
ficient exposure to oxygen, can be calculated 
by multiplying 1.43 times the iron concentration 
shown in the dissolved solids column of the 
water analysis report form. (Fig. 11) This cal- 
culation value can then be compared to the 
iron oxide value reported in the suspended solids 
column to determine the per cent reaction re- 
sulting from partial aeration inherent to the 
prescribed sampling procedure. If the measured 
iron oxide from suspended solids is small com- 
3ared with the theoretical calculation from dis- 
solved solids data, it is quite likely that the iron 
:an be held in solution with nominal effort to 
ivoid aeration. On the other hand. if the mcasur- 
:d and calculated values are nearly equal, more 
demanding requirements will be placed on design 
md operating practices. 

While not pertinent to this studv, it is often 
lecessarv to compute the per cent distribution of 
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reaction, the operator should take reasonable 
nreventi1.e measures and in addition. should 
rcniain alert to \+ual symptoms of chanWs. 
Some of these steps have been outlined pre\7ious- 
1~. It would not be unwise to run a set of bacteria 
;\c.tivity measurements at monthly or bi-monthl? 
inter\Tals. The cost is nominal and adequate con- 

trol will be assured. 

~4ISCELLANEO~~S LABORATORY DATA 

In the course of processing samples in the 
laboratory, it was observed that the effecti\.e 
density of oil-coated iron oxide and silica particles 
was such that they would only partially settle. 
.L\ major portion floated on the water surfacxe. 
f,esser amounts seemed to he suspended and, 
with minimum disturbance, would neither float 
1101‘ settle, Samples of deposits retained on a 
(*artridge filter element in field service were 
tested and produced similar properties. 

Since this characteristic could produce diffi- 
c*ult handling problems, methods of destroying 
the oil film were explored. 

It was determined that a very small amount of 
non-ionic surfactant was capable of removing 
the oil film so that inorganic particles settled 
quite readily. From a theoretical point of view, 
this response suggests the possibility that treat- 
ment of this systeti wiith a small concentration 
of surfactant can likely reduce the plugging 
solids reaching the disposal well. 

tion in any event. Tf effective. chemical treatment 
can hc whollv avoided or. at worst, used only 
intermittently. 

As indicated previously, the elimination of 
air in the central collection tank ‘will prevent 
most of the iron oxide formation. Also, points 
of air entry unpstream source No. 4 and source 
No. 5 should be located and eliminated. Open 
siphons and/or open casing annuli are suspect 
points. 

The major source of intermittent slugs of 
silicba (sand) should be located. Steps to minimize 
this factor range from re-completion of wells, 
installation of desanders, to providing additional 
retention time for settling. Local circumstances 
will determine the most pratical approach. 

I~mulsion t resting practices are usually ex- 
pected to produce pipeline oil. Minor oil carry- 
o\-er to the \I\Tatet- phase is considered to be of 
no c.onsequence. liowever, if this oil, in com- 
bination \\rith inorganic sediments, creates sub- 
stantial quantities of plugging solids, it may be 
desirahle to review emulsion treating pro- 
cedures. ‘Ilnder the new perspective, a “pipeline 
water” may he practical at little or no additional 
expense thus removing another important cause 
of reduced injectivity. 

CONCLUSIONS 

It has been an expressed purpose of this 
discussion to demonstrate by illustration the 
applic*ation of a standardized data *package in de- 
fining water injection system performance. 

.4rmed with adequate technical data, an engi- 
neer familiar with field conditions can arrive at 
a cluantitati\:e expression of “water quality”. By 
applying uniform data presentation techniques 
the field engineer can quickly learn to inspect 
a series of charts or graphs and “read-out” perti- 
nent features without spending the time to be- 
conic a specialist in the field of water handling. 

Corrective or preventive action based on a true 
diagnosis of problem causes, instead of treat- 
mcnt of superficial symptoms, results in optimum 
performance in the shortest time and at mini- 
mum expense. Ineffective and sometimes expen- 
si\,e trial and error procedures can be avoided. 

Caution in this approach must be exercised. 
Surface tension reducing materials, in addition 
to performing the desired action, will also dis- 
lodge much of the sediment the has accumulated 
in the system over a period of time. If not re- 
mo\Fed by flushing or filtering, often impractical 
steps, the partic.les will he deli\reretl in niassi\.c 
qu;lntity to the injected sand f;lc*c. Serious im- 
mediate plugging can result. Jf this o0’urs. ;I 
well clean out will he recruired. 

Alternate 01’ perhaps supplementary steps to 
surfactanr chemical treatment involve eliminn- 
tion of iron oxide and silica and oil c:irr,v-over. 
It is highly desirable to take steps in this direc- 
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