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Dea r M r . C a r l s o n : 

The f o l l o w i n g r e p o r t i s concerned w i t h p lan t des ign 
c r i t e r i a f o r main tenance of su i table wa t e r q u a l i t y i n 
tne M a n y Rocks F i e l d w a t e r f l o o d . 

Resu l t s i n d i c a t e taa t condi t ions f a v o r t r o u b l e - f r e e 
ope ra t i on and that l i t t l e p r o c e s s i n g cf the w a t e r w i i i be 
r e q u i r e d . M e a s u r e s to keep ab reas t of any changes 
that occu r i n w a t e r hand l ing r e q u i r e m e n t s a r e suggested 
i n the r e p o r t . C r i t i c a l f e a tu r e s of us ing the wa t e r a re 
d i scussed i n some d e t a i l . 

Y o u r s v e r y t r u l y , 

H . ZL G r e e n w e l l 
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T h i s r e p o r t pres*/nr.3 r e s u l t s cf a s r • to d e t e r m i n e p lan t 

des ign c r i t e r i a f ^ r mainr^nr..r.co of — ~ b l e w a t e r q u a l i t y i n 

the M a n y Rocks F i e l d wa t e r i n j e c t i o n p r o j e c t . Conc lus ions 

and r e c o m m e n d a t i o n s a re cased on tes ts r u n to d e t e r m i n e the 

a c t u a l c o n d i t i o n of the w a t e r , as p roduced b y the Source W e l l . 

The r e p o r t a l so cove r s tes t and c o n t r o l w o r k that w i l l be u s e f u l 

i n he lp ing to a s su re tha t t r o u b l e - f r e e ope ra t ions r e s u l t t h r o u g h 

out the l i f e of the p r o j e c t . 

A t the t i m e f i e l d w o r k was dene, a Source W e l l had been 

c o m p l e t e d , and a p p r o x i m a t e l y 9, CCD b a r r e l s of w a t e r had been 

p roduced to w a s t e . The w e l l was equipped w i t h a 3 - 3 / 4 i n c h 

casing pump set i n 5 -1 /2 i n c h p ipe , w h i c h se rves as the 

tub ing i n 9 -5 /8 i n c h ca s ing . The pump was r e p o r t e d to be 

set at a p p r o x i m a t e l y 1, 200 f e e t . P r o d u c i n g ra te of the w e l l 

was a p p r o x i m a t e l y 1, 050 3 ¥ ? D , 
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Trie water is e r r / moderately cor_^_.ve, such, that an in jec t ion 

system constructed oz in te rna i ly bare steel pipe w i l l a f fo rd the 

most economical ins ta l la t ion . Actua l corrosion rate should be 

monitored so that appropriate chemical treatment can be 

adoptee later , i i neeoec. 

The water has a low content of plugging solids under actual i n 

line conditions. F i l t r a t i o n wil". not be required . 

The water must be handled under a i r - f r e e conditions at a i l 

Tae water contains sunate reducing bacteria at an intermediate 

level of ac t iv i ty . Bacter icide treatment w i l l not be required 

i n i t i a l l y , but this factor w i l l require periodic re-evaluat ion. 
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A n y r e c o m p l e t i o n w o r k done on tke Source V / e l l n i ay change 

the content of " r e r a h i e so l ids of tho w a t e r . The need f o r 

f i l t r a t i o n m u — r e - e v a l u a t e d i f ^..ch w o r k i s done. 
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- - i . P'r.:-.i D e s i g n 

C o n s t r u c t the s y s t e m so as tc p r o v i d e m i n i m u m r e t e n t i o n 

of the w a t e r , cons i s ten t w i t h h y d r a u l i c and m e c h a n i c a l 

r e q u i r e m e n t s of o p e r a t i o n . 

I n s t a l l and m a i n t a i n a m i n i m u m si:-: i n c h " o i l seal" of d i e se l 

f u e l on any tank used i n the s y s t e m . 

P r o v i d e a l i q u i d seal f o r the po l i ih .ee r o d of the Source W e l l . 

Keep the annulus of the Source W e i l c losed at a l l t i m e s . 

I t w o u l d be d e s i r a b l e to "maintain a 50 f o o t " o i l seal" of 

d i e s e l f u e l i n the annulus of the Source W e l l . The w e l l p r e 

sent ly i s b e l i e v e d to be " p u m p i n g o f f " , w h i c h c o n d i t i o n w o u l d 

make main tenance of the o i l seal i m p o s s i b l e . I f f e a s i b l e , w e l l 

ope ra t ing cond i t ions should be changed to p e r m i t use of an o i l sea l . 

Pecs jg_ cf 2_\ 



Source Wel l wi thdrawal and in jec t ion rate should be balanced 

as closely as possible. Eest •„ • - t t icn f r o m the standpoint 

of water quality v..11 result i f „„_ ^..urce W e l l operates 

continuously. 
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3 . M e a s u r e s cf ".Vater Q u a l i t y C o n t r o l 

O n - l o c a t i o n to~..~ . r u s t be r u . • *e Source W e i l to d e t e r m i n e 

the c o n d i t i o n of the wa t e r under s y s t e m condi t ions i f any r e 

c o m p l e t i o n w o r k i s done on the w e l l . T e s t s w o u l d be of the 

same type done i n t h i s s tudy. 

O p e r a t i o n of the s y s t e m as a whole should be d e t e r m i n e d b y 

su i tab le o n - l o c a t i c n tes ts w i t h i n t w o to f o u r weeks a f t e r s y s t e m 

s t a r t - u p . I n t e r p r e t a t i o n of the r e s u l t s w i l l d e t e r m i n e i f a l l 

des ign goals a r e be ing m e t p r o p e r l y and w i l l i nd i ca t e i f any 

a d j u s t m e n t s of p r o c e d u r e a re n e c e s s a r y . 

Sys t em p e r f o r m a n c e should be d e t e r m i n e d a p p r o x i m a t e l y each 

s ix mon ths t h e r e a f t e r tc keep abreas t of the changing r e q u i r e 

ments of t r o u b l e - f r e e o p e r a t i o n . Spec i f i c f a c t o r s that r e q u i r e 

m o n i t o r i n g i nc lude the f o l l o w i n g : 

a. Content of p lugg ing so l ids of the w a t e r at the 

Source W e l l . 

j f i x . j _ - L _ I 

I ?ecs_£ o i Z j \ 
i ! 



b . P r e c i p i t a t i o n of i r o n ana c a l c i u m compounds 

f r o m the w a t e r . 

c. E n t r y c 

d . A c t i v . ^ y id.-c. ie r e c u c m g „~„.^rd<s.. 

e. C o r r o s i o n r a t e . 
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P r o p e r t i e s of the w a t e r and charac . • t i c s of the Source W e l l 

g e n e r a l l y a r e f a v o r a o i e to t r eac le - - . . . „ . .n jec t ion o p e r a t i o n s . 

C e r t a i n p o t e n t i a l p r o b l e m s a re present , but su i table m e a s u r e s 

can be adopted to o v e r c o m e t h e m . The bas ic p r i n c i p l e that 

should be f o l l o w ec i n des ign ing the p l an t and opera t ing the 

s y s t e m should be to p r e s e r v e the n a t u r a l l y f a v o r a b l e cond i t ions 

tha t e x i s t . A l i m i t e d amount cf p e r i o d i c tes t w o r k w i l l be 

s u f f i c i e n t to detect any changes i n r e q u i r e m e n t s that m i g h t 

o c c u r . 

T e s t s to d e t e r m i n e ac tua l i n - l i n e cond i t ions show tha t the w e l l 

has c leaned up s a t i s f a c t o r i l y . Unde r steady ope ra t i on , content 

of p lugg ing so l ids of tae w a t e r b_i :vr " r e d u c e d l i e s j u s t s l i g h t l y 

above tbe l e v e l tha t coulc be securea cy e f f e c t i v e f i l t r a t i o n . I t 

i s p robab le that the w e l l w i l l c lean up a d d i t i o n a l l y w i t h cont inued 

w i t h d r a w a l and m a t w a t e r of exce l l en t p h y s i c a l q u a l i t y w i l l be 

a v a i l a b l e . Stopping and s t a r t i n g the w e l l i n d i c a t e d tha t the 

w e l l b o r e i s f r e e of so l ids and that on ly a m i n o r r e s idue on the 

pipe s t i l l i s p r e s e n t . 
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S i g n i f i c a n t c h e m i c a l o i -coer t ies c i \e w a t e r i nc lude i t s content 

of d i s s o l v e d c e s i u m anc of i r o n a- -ts s l i g h t l y a l k a l i n e p r l . 

C a l c u l a t i o n s n o w teat tae Y ,C . a c t be p rone to t o r m 

c a l c i u m cav^w.-.ave scale and .- — - f r e e c o n d i t i o n s . The content 

of d i s s o l v e d i r o n i s s u f f i c i e n t to crea te s i g n i f i c a n t p lugg ing 

so l ids i f th i s i r o n w e r e a l l o w e d to p r e c i p i t a t e . Tae m o s t l i k e i y 

cause of p r e c i p i t a t i o n w o u l d be r e a o h o n w i t h oxygen i f a i r w e r e 

a l l o w e d to enter the s y s t e m . Ivfeans of keep ing an a i r - f r e e 

system, a re r e l a t i v e l y c e r t a i n , and chances a re v e r y good that 

t h i s p o t e n t i a l p r o b l e m can be w v c i d - d . The p H of the wa t e r w i l l 

tend to r e m a i n a l k a l i n e sc long as tae w a t e r i s not d i s t u r b e d by 

a e r a t i o n and i t m a y b e expected, q u a l i t a t i v e l y , that such c o r 

r o s i o n as does occur w i i l no t oe s eve re . 

T e s t s a l so show the w a t e r to con ta in su l fa te r educ ing b a c t e r i a 

at an i n t e r m e d i a t e l e v e l of a c t i v i t y . Sulfa te r e d u c i n g b a c t e r i a 

can be found i n m o s t w a t e r s and th i s does not r e p r e s e n t an 

unusua l o c c u r r e n c e . I n the m a j o r i t y cf cases, the b a c t e r i a p r e 

sent do not cause s i g n i f i c a n t o p e r a t i o n a l p r o b l e m s . I t i s on ly 

when a c t i v i t y of the b a c t e r i a exceecs a c r i t i c a l leve^ that 

coun te r rneasures have to be t aken . When a c t i v i t y of su l f a t e 

r e d u c i n g b a c t e r i a i s h i g h , the b a c t e r i a a re capable of causing 

I 
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a Sj .gi i i i ica . i t ra^e c i corJGS-Oi cue .enge . r c rcs , scs -̂ n tae content 

oi p lugg ing s o l i d s . Tuese e f f ec t s r e s u l t f r o m m e t a b o l i c p r o 

cesses i n \vb me b a c t e r i a dr ..ue i r o n , causing i t to 

c o r r o d e , a r^ ^w..orate h/d:-c~.... . l d e ; w h i c h p r e c i p i t a t e s 

d i s s o l v e d i r o n . R e l i a b l e m e m o e s cave been developed f o r 

l o l l o w i n g the a c t i v i t y of su l fa te r e d u c i n g b a c t e r i a , and i t w i l l 

be poss ib le to under take e f f e c t i v e counter m e a s u r e s , should they 

be r e q u i r e d . 

i t i s under s tood tea t the Source T . . r e . l i s ope ra t ing w i t h a low 

f l u i d l e v e l r e l a t i v e to the pump set t ing depth . Under these 

cond i t ions i t w i i l be d i f f i c u l t to a ssure comple te f r e e d o m f r o m 

a e r a t i o n . Since t l ie v e i l was p r o d u c i n g less than the d e s i r e d 

v o l u m e ot wa t e r , i t i s a s sumed that means of i n c r e a s i n g 

p r o d u c t i v e c a p a b i l i t y w i i l be c o n s i d e r e d . I f an i n c r e a s e can be 

a c c o m p l i s h e d by se t t ing the pump deeper, i t then m a y become 

poss ib le to "maintain an o i l seal i n tae annulus of the w e l l . T h i s 

m e a s u r e w i l l a s su re t r..at no a e r a t i o n o c c u r s i n the w e l l and w i l l 

g r e a t l y enhance main tenance of a i r - f r e e cond i t ions th roughou t 

the s y s t e m , i n the event that r e p e r f o r a t i o n or o ther r e c o m p l e 

t i o n w o r k i s done, tae w e l l w i l t have to be r e - t e s t e d tc d e t e r m i n e 

tae content o i p lugg ing sohds i n tae w a t e r be ing p r o d u c e d . Since 

?ccej"2- c f 2-1 



presen t p ian t c e s ign r e c o m m e nbat ions do not p r o v i c e i i l t r a t i o n , 

t n i s c o n s i d e r a t i o n w i l l be f u n d a m e a t a l . 

V/ i t l i t r i t e r s '.'.».,, - ^nag t . t c , t.t e p lan t „os: .gn snould p r ovrce 

m i n i m u m r e t e n t i o n of tae w a t e r be tween Source W e l l and the 

i n j e c t i o n p u m p . On ly that v o l u m e n e c e s s a r y f o r "hydraulic and 

•mechanical reasoas should oe p r o v i d e d . A n y tank used f o r t h i s 

purpose should c a r r y an o i i seal , as suggested. E x p e r i e n c e has 

shown that a s i x i n c h l a y e r of d i e s e l f u e l i s adequate to p r e v e n t 

a e r a t i o n of w a t e r i n t a n k s . 

F r o m a-water q u a l i t y s tandpoint , o p e r a t i o n of any wa te r s y s t e m 

i s enhanced by smooth , cont inuous o p e r a t i o n of each component , 

i t i s d e s i r a b l e to m i n i m i z e f l u c t u a t i o n of l e v e l i n a l l vesse l s and 

i t i s p a r t i c u l a r l y b e r e f i c i a . to operate r o d pumps on a cont inuous 

b a s i s . Source W e i l v v i t h t r a w a . ant. i n j e c t i o n r a t e should be 

ba lanced as c l o s e l y as p o s s i b l e . Other m e a s u r e s should be 

taken as n e c e s s a r y to give cont inuous o p e r a t i o n of the Source 

W e l l and of the i n j e c t i o n p u m p . 

Data r e s u l t i n g t r o m the f i e - d tes t v, o r k and subsequent l a b o r a t o r y 

ana lys i s a re a t t ached . T a e ' r r e i . e c t 

i ^ v i : : J _ L 



•mater ia ls as t ecy ex i s t u i i c c r s y s . t a : cond i t i ons , tne c h e m i c a l 

c o m p o s i t i o n o i tae w a t e r p rocucec cy tae source vV o i i anc tae 

a c t i v i t y of sui".: te r educ ing "• - ; e r i a . Run I was mace a f t e r a 

r e l a t i v e l y lengtay per : ta c.. „.„ -.r.cus ope ra t i on cf tae Source 

W e l l . The Source W e i l pump then was stopped and the W e l i 

was i d l e f o r one h o u r . P u m p i n g was r e s u m e d aad Run 2 was 

r . . ae purpose 01 t n i s p r o c e c u r e 

was to d e t e r m i n e I I tee Source V e - i aad cleaned uo and s t a b i l i z e d . 

The ana lyses of a c t u a l p lugg ing so l ids show l i t t l e d i f f e r e n c e 

be tween R u n 1 and Run 2, i n d i c a t i n g tha t the w e l l had c leaned 

up. Tbe m i n o r d n i e r e n c e be tween p lugg ing so l ids found on 

Run 2 and Run 1 was mace up of a s m a l l i n c r e a s e i n p r e c i p i t a t e d 

i r o n compounds ane a s l i g h t i n c r e a s e i n sand p r o d u c t i o n . (Sand 

appears as " s i l i c a " i n tae p r o c e s s of c h e m i c a l ana ly s i s and i s 

so r e p o r t e d . ) Tae s m a l l i n c r e a s e i n i r o n compounds i s b e l i e v e d 

co have been caused b y c o r r o s i o n p r o d u c t s be ing d i s lodged f r o m 

the pipe because of the d i s tu rbance occas ioned i n s topping and 

s t a r t i n g the w e . i . Tae magn i tuce cf t n i s i n c r e a s e i s such tha t 

i t has on ly l i m i t e d s i g n i f i c a n c e , at m o s t . Under cond i t ions of 

a i r - f r e e ope ra t i on , t h i s m a t e r i a l w i l l d i sappear f r o m the w e l l . 

M o s t o i the " s i l i c a " cons t i tuen t of Run 2 i s b e l i e v e d to be a 

I ?cce )4 cf 2-1 



z:iis ~ccA.ci.X-Q.iiS,i oresc11 

c >~ ^ I J . - c \ \ ^ ^ _ .cc wi^Mcirawai , jr\ s 

w£xi con»,in .e content oz 

~ne\v n ~ . ^ _ ^ v . ; v,n£.t ceterrnj/nea i n 

Run I . T h i s cone - ' - ^ U . i d l _ ~ . n i ^ ^ C - L / * ^ J - C l Is w i i i approach. 

fhe va lue teat can be cive f i l t r a t i o n , and i t i s 

concluded that f i l t e r ient \ v „ . not ce needed. 

sampie o i c r i m i n g rn.ua was ana r / zed to d e t e r m i n e n any 

r e l a t i o n s h i p s ex i s t ed ce tween c o m p o s i t i o n of the m u d and c o m p o s i 

t i o n of the p lugg ing so l ids be ing p roduced by the Source W e l l . 

Resu l t s show that the two m a t e r i a l s a re qui te d i f f e r e n t i n o v e r a l l 

c o m p o s i t i o n . I t i s concluded that v i r t u 

ie w e l t has ioeen ;e r e m a i n i n g i s r e i i e c t e d 

n tne " o r g a n i c " C 0 * ^ - o L u C i i t 

runs , t n i s c on s 111 u. e n 'J w a ) o r t i o n s u i i i c i e n t to 

:o io r the san^o^es i t , V^. , 

decrease m o rgan ic was oon s topping anc r e - s t a r t i n g 

me w e l l i nd i ca t e s mat m o s t of i t was p r e sen t as a t h i n coa t ing on 

pipe i n the w e l l . I n any case, t he re i s no evidence tha t the w e l l 

now i s p r o d u c i n g s ign i f ies of m u d , and i t m a y be 

concluded tha t the e W . . A . - * i O t i ^ J ^ L I S S * 
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t a t i on taa t act c-CulV" uy OI S\I-Licit6 

recucir-5 o a c t e n a a:: 

taese r e q u i r e m e n t s c; 

-S exoectcc taut, 3.u o i 

rua tery oy ce', 

a c tua l s y s t e m 

m th i s way, any detr 

and su i tab le steps th 

tance at a p n r o x i m a i.e s ix mon^n i n t e r v a l s . 

c ccu r w i n oe ce tec tec 

can oe t anen . T h i s p r o c e d u r e should 

y i e l d op t imum, ope ra t i ng economy, since m e a s u r e s w i l l be t aken 

only as the need i s d e m o n s t r a t e d , 

; c~e j f c o f 21 
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