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IlTT50rTTCTl O'T
I t  i s  a ’f e l l  known f nc t  t h a t  moat s u c c e s s f u l  "business e n t e r ­p rises  * r e  iu d g e d  "by the or o f  i t s  t h e y  "briny, end the a b i l i t y  o f  e a ch  department h e a d  i s  m easu red b y  th e r e s u l t s  h i s  p a r t i c u l a r  dep artm en t produces, a l l  u n u s u a l  and u n a v o id a b le  o c c u r e n c e s  a r e ,  o f  c o u r s e ,  g i" Ten proper a l l o w a n c e ; t h e r e f o r e ,  when I  was a p p o in te d  h e ad  o f  th e  g a s  dep artm en t, I  made i t  my n o l i c y  to make the d e p a rtm e n t m o st p r o f i t a b l e  and ? t  th e  same tim e d e a l i n g  h o n e s t l y ,  f a i r l j *  and s q u a r e l y  w it h  e v e r y  one. I t  m s  no P ^ sy  t a s k  to have had to  adhere to  such a n o l i c y ,  because n o t  a l l  th e  h e o n le  'w ith  whom I  had b u s i n e s s  d e a l i n g s  h- d a s im i la r  p o l i c y ,  o t h e r s  were accustom ed to  g e t  th e  b e s t  i n  a l l  t h e i r  t r a n s a c t i o n s  w i t h  th e l a r g e  c o r p o r a t i o n s ,  t h e t  t h e y  a c t u a l l y  b e l i e v e dthat t h e y  '"Pre on the s h o r t  end o f  the d e a l  when t h e y  were g i iren an even b r e a k ,  ^nd th e r e  were some who f o r  a lo n g  tim e m is u n d e r s to o d  me,and th o u g h t  t h a t  I  was m e r e ly  a m b i t i o u s ."ou c a n  r e a d i l y  see t h a t  I  had. to  f o l l o w  a  ro u g h  and r u j ^ e d  path i r  + r v i n g  to  i n f o r c e  my p o l i c y  with, th o s e  who had d e a l i n g s  w it h  - y d e p a r t m e n t ,  and my m ethods o f  e n f o r c i n g  th o s e  c o n c e r n e d  to  conform  with n y  n o l i c y  and the r e s u l t s  o b ta in e d  are r e g a r d e d  c o n f i d e n t i a l ,  gowewer, T w i l l  quote a few w ords from the c o n c l u s i  n o f  my " F i r s t  Annual P p p o r t "  whew? I  s a i d  i n  p a r t :  " I  w ish  to maie i t  p l a i n  to a l l  o u t s id e  c o m p a n ie s  who a re  in  any way c o n n e c te d  w i t h  the g a s  b e l o n g i n g  to th e  com pany I  r e p r e s e n t ,  t h a t  I  e x o e c t  them to d e a l  w it h  u s  f a i r l y  end s q u a r e l y  and t h a t  I  am b o th  a b le  and w i l l i n g  to  see t h a t  t h e y  d o .A y e a r  1 t e r  th e  President o f  one o f  th e  l a r g e s t  c o m -a n te s  who had d e a l i n g s  w ith  our g a s  d ep a rtm e n t and whose comnany f o u g h t  th e  g r e a t e s t  b a t t l e s  w it h  o u r  g a s  d e p a r t m e n t , s a i d  i n  the p r e s e n c e  o f  h i s  A s s i s t a n t  g e n e r a l  M anager and h i s  S u p e r i n t e n d e n t s ,  je n t j .e . .  c n ,  the
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TK?  PROBLEMS OP TTTE ~AS .blPARTlIS'TT
T ' i g  t n e s i s  i s  devoted,  to  the g as  c o n s e r v a t i o n  as  a c t u a l l y  p r a c t i c e d  .by the gas d ep artm en t o f  w h ich  I  am th e h e a d . S in c e  i t  i s  o re  o f  the l a r g e s t  g a s  d e p a rtm e n ts  i n  the c o u n t r y ,a n d  the methods o f  r u n n in g  the d ep artm en t meet w it h  th e a p p r o v a l  o f  the S u p e r i n t e n d e n t s  and M a n ag ers  o f  the Company, i  take the l i b e r t y  in  c o n c l u d i n g  t h a t  th e  g a s  d e p a r t m e n t ’ s work is .  e f f i c i e n t l y  p e r ­form ed, a n d , t h e r e f o r e ,  the methods in t r o d u c e d  and p r a c t i c e d  by t h i s  d e p a r t m e n t  c o u l d  " w l ]  he re g a rd e d  as much s ta n d a r d  m ethod s as those t h a t  may ba p r a c t i c e d  by s i m i l a r  d e p a rtm e n ts  i n  o t h e r i a r g e  c o m p a n ie s ,  I  s i n c e r e l y  recommend them as an exam ple., to  th o s e  who 

n * y  he i n  need o* p r a c t i c a l  and e f f i c i e n t  m ethods i n  d e a l i n g  w i t h  s i m i l a r  p r o b le m s ,A l a r r e  o i l  company m a i n t a i n s  a g e o l o g i c a l  D e p a rtm e n t w h ich  keeps r c a r e f u l  r e c o rd  o^ the p r o g r e s s  made i n  d r i l l i n g  e a c h , o i l  w e l l ,  i . e . ,  th e  v a r i o u s  f o r m a t io n s  p e n e t r a t e d ,  the d e p th  a t  w h ich  r ^ t e r  i s  e n c o u n t e r e d ,  where show in g , o f  o i l  and g a s  was observer. , and f i n a l ]  y  th e  s t r a t a  or s t r a t a s  “ he re o ' l  sand a r e ,  o r  i n  o th e r  “ r i d s ,  th e  g o a l  f o r  w hich the d r i l l e r  i s  a i m i n g .  A l l  t h i s  in f o r m a ­t i o n  i s  c a r e f u l l y  p l o t t e d  i n  a form o f  a  " l o g " .  '.Then s u f f i c i e n t  l o g s  a r e  o b t a in e d  a t  v e r i o u s  p o r t i o n s  o f  the o i l  f i e l d ,  th e  g e o l o g i s t  i s  e n a b led , to  d e te r m in e  the g e o l o g i c a l  s t r u c t u r e s  o f  the o i l  r e g i o n  and i s  th e n  a b le  to  a r r i v e  f a i r l y  a c c u r a t e l y  at .  the. moqt d e s i r a b l el o c a t i o n  f o r  th e n e x t  w e l l  o r  w e l l s .myp wps and o i l  "rom th e  w e l l  -flow i n t o  an o i l  and g a ss e p a r a t o r ,  commonly known a -  a " t r a p " .  The p u rp o se  o f  th e  t r a p  i s  to  pew o r a t e  ?ws from  x he o i l  and s a n d . The g a s  i s  then ..conveyed b y  means o '  p i n e  l i n e s  to  th e  g a s o l i n e  p l a n t s  f o r  th e p u rp o se  o f  — c v t r - c t i o n .  "" i s  g as  ^ t e r  b e i n g  t r e a t e d  i n  th e  g a s o l i n e
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p l a n t s  i s  m'la^n - s  "T ry  G a s ” and i s  th en  u sed f o r  f u e l  in  the b o i l e r s ,  h o m e s, e t c .^h.en th e  vrei.1 " h e a d s ” , i . e , ,  p e r i o d i c a l l y  d i s c h a r g e s  l a r g e  q u a n t i t i e s  o f  o i l  and g a s ,  i t  p ro d u ces  a, c o n s i d e r a b l e  p r e s s u r e  in  the t r a p  and u n l e s s  th e g a s  h as  a  q u ic k  g e t  a # s y , a " h a c k  p r e s s u r e "  on the w e l l  w i l l  r e s u l t  and i t  may c a u s e  a c o n s i d e r a b l e  f a l l i n g  o f f  in th e o i l  and g a s  p r o d u c t io n  o f  the w e l l ,  or even  k i l l  the p r o d u c t io n  e n t i r e l y ,  w h ich  w i l l  then r e q u ir e  c o n s i d e r a b l e  e x p en se  to b r i n g  th e  w e l l  b a c k  to  l i f e .  I t  i s  e v i d e n t  th e n  t h a t  i t  i s  im p o r ta n t  to p r o v id e  a " R e l i e f  V i v e "  w h ic h  i s  to be r e g u l a t e d  to  onen up a u t o m a t i c a l l y  when the p r e s s u r e  i n  the t r a p  r e a c h e s  the c r i t i c a l  - o o in t ,S i n c e  th e g a s  o u t l e t  from the t r a p  i s  c o n n e c te d  d i r e c t l y  to  the g a s  l i n e  l e a d i n g  to  th e  v a s e l i n e  p l a n t ,  the l a c k  o f  p l a n t  c a p a c i t y  o f  th e  p l a n t  or p l a n t s  may a l s o  c a u se  a back  p r e s s u r e  on t V  t r a p s ,  so a "S h e c k "  i s  g e n e r a l l y  p la c e d  i n  the l i n e  n ear t V  t r a p  and i n  f a v o r  o f  th e  t r a p ,  so t h a t  the h i g h  p r e s s u r e  in  the l i n e  w i l l  n o t b a c k  up i n t o  the t r a p  and be w a s te d  th r o u g h  the . r e l i e f  v a l v e .A lt h o u g h  th e c a p a c i t y  o f  the p l a n t  i s  g e n e r a l l y  s u f f i c i e n t  to ta k e  c a r e  o f  a l l  th e  g a s ,  a. te m p o rary  s h u t  down or b r e a k  down o f  one or more u n i t s  used i n  c o m p r e s s in g  the g a s ,  x r i l l  c a u s e  a te m p o rary  l a c k  o f  p l a n t  c a p a c i t y .  To remedy the above e v i l  we have alw ays a d v is e d  to  m a i n t a i n  an a u x i l i a r y  u n i t  in  ea ch  p l a n t ,  arid from time to  tim e r e l i e v e  -nd o v e r h a u l  e a c h  u n i t  so as to  a v o id  b r e a k  downs s i n c e  th e  p l a n t  i s  o p e r a te d  c o n t i n u o u s l y  f o r  t w e n t y - f o u r  h o u rs  dai l y „ An a u x i l i a r y  u n i t  c a n  a l s o  be o f  g r e a t  use when the b r i n g i n g  in  o f  a new w e l l  w ith  an i n i t i a l  l a r g e  q u a n t i t y  o f  g a s  r a i s e s  the t o t - 1  g a s  p r o d u c t i o n  o f  th e  f i e l d  c o n s i d e r a b l y  fo r  a few d a y s ,  u n t i l



the w e l l  s e t t l e s  i t s e l f  down to  norm al p r o d u c t i o n ,rhen th e  p l a n t  c a p a c i t y  i s  g r e a t e r  th an  the g a s  p r o d u c ­t i o n ,  a vacuum i s  formed i n  the g a s  l i n e .  The vacuum in  the gas l i n e s  i s  d e s i r a b l e  s in c e  i t  te n d s  to melee the g a s  r i c h e r  in  g a s o l i n e  c o n t e n t ,  h o w e v e r , th e  vacuum on the w e l l  i t s e l f  i s  o b j e c t i e n a b l e  s i n c e  i t  may cau se th e  w e l l  to  sand up and in  g e n e r a l  d e c r e a s e  the r i c h n e s s  o f  the o i l .  To p r e v e n t  the vacuum from e x t e n d i n g  to  th e  w e l l  a "G a s o m e te r"  i s  i n s t a l l e d  w M ch a u t o m a t i c a l l y  o p e r a t e s  a b u t t e r f l y ,  p r o t e c t i n g  the w e l l  from, the e f f e c t  o f  the vacuum .A f t e r  h a v i n g  i n s t a l l e d  th e n e c e s s a r y  d e v i c e s  f o r  s e p a r a t i n g  gas from  o i l  and o r o t e c t i n g  the w e l l s  from vacuum and e x c e s s i v e  p r e s s u r e s ,  i t  i s  d e s i r a b l e  to  d ete rm in e  th e  amount o f  g a s  a l l  the '”e l l s  p r o d u c e  and t h e i r  g a s o l i n e  c o n t e n t ,  ^or th e  m easurem ent o f  g a s  we u s e  the " O r i f i c e  W e ll  T e s t e r "  ( s e e  a t t a c h e d  d ra w in g )  on w e l l s  o r o d u c in g  up to 1 ,0 0 0 ,0 0 0  c u b i c  f e e t  o f  g a s  per tw e n ty -  fo u r  h o u r s .  On l a r g e r  w e l l s  a " P i t o t  Tube" m easurem ent i s  u s e d .To t e s t  th e  q u a n t i t y  o f  g a s  w it h  the " O r i f i c e  W e ll  T e s t e r " ,  send a l l  the g a s  th r o u g h  the b l o w - o f f  p ip e  i n t o  th e a i r  by  d i s ­c o n n e c t i n g  the g a s o m e t e r .  L e t  th e  g a s  blow o u t  f o r  a' few m in u te s  in t o  th e  a i r  and th e n  screw  in  the " t e s t e r "  w h ich  c a r r i e s  a t h r e e  in ch  t h r e a d  b y  means o f  a  c o l l a r .  C o n n e ct a  U -tu b e  gau ge to  the n i o o l e  on th e s id e  o f  th e  o r i f i c e  w e l l  t e s t e r ,  u s i n g  a s h o r t  p i e c e  o f  t ^ r e e - e i g h t h s  in c h  ru b b e r t u b i n g .  The U -t u b e  s h o u ld  be f i l l e d  w ith w a t e r  up to  th e zero  mark on the s c a l e .  I n s e r t  th e  s l i d e  w h ich  c o n t a i n s  s e v e r a l  s iz e d  o r i f i c e s ,  s t a r t i n g  w i t h  the l a r g e s t  o r i f i c e  f i r s t ,  and i f  th e  h e i g h t  o f  the w a te r  does n o t  r i s e  m uch, s l i d e  i t  over t o  th e  n e x t  s m a l l e r  s i z e  o r i f i c e  u n t i l  the d i f f e r e n c e  between



w - 4 -t^o w a t e r  l e v e l s  i s  a t  l e a s t  two i n c h e s .  r y r e f e r r i n g  to  th e cT-art w ^ ic h  ’"^s ^ r ^ s r e d  f o r  the use o f  our " O r i f i c e  W-eil T e s t e r "  or to  t * e  t a b l e s  t h a t  accompany a somewhat s i m i l a r  t e s t e r  t h a t  c o u .l<3 he p u r c h a s e d ,  the f lo w  o f  th e  w e l l  f o r  a t w e n t y - f o u r  hour o e r io d  r i l l  he fo u n d . "e th en  a o o l y  the c o r r e c t i o n s  f o r  the s p e c i f i c  g r a v i t y  and th e te m p e ra tu re  o f  th e  g a s  to o b t a i n  a c o r r e c t e d  amount o f  th e  q u a n t i t y  o f  g a s  oro d u ced  b y  the w e l l  in  t w e n t y - f o u r  h o u r s .
.0 d e te r m in e  th e  s p e c i f i c  g r a v i t y  o f  th e  g a s  we u se  the S o e c i ^ i c  - r a r i t y  A p p a r a t u s ,  ^he o r o c e s s  o f  d e t e r m in in g  the s p e c i f i c  g r a v i t y  o *  th e  g a s  can  be found i n  a number o f  hand b o o k s ,' 1 th o u g h  the m easurem ent o f  th e  q u a n t i t y  o f  g a s  o f  a w e l l  •"ith th e  O r i f i c e  T e s t e r  t a k ° s  o n l y  a few m i n u t e s ,  the r e s u l t s  o b t a in e d  a r e  q u i t e  s a t i s f a c t o r y  w i t h  w e l l s  t h a t  f lo w  s t e a d y .In  c a s e  a ve-11 h e a d s  p e r i o d i c a l l y ,  more c are and ju d g m en t i s  needed to d e t e r m in e  th e  q u a n t i t y  o f  g a s  f l o w .  I t  i s  th en  n e c e s s a r y  to  m easu re t ’ e " c y c l e  o f  f l o w " ,  i . e . ,  from the b e g i n n i n g  o f  "one head" to  th e  n e x t  o n e ,  w h ich  seldom e x c e e d s  f i f t e e n  m i n u t e s .  W ith  th e aid  o f  a s t o p  w a tch  or a n  o r d i n . r y  w a tc h ,  the l e n g t h  o f  h e a d s  and t h e  q u i e t  o e r i o d s  rare r e c o r d e d ,  the q u a n t i t y  i n  e a ch  c a s e  i s  m easured ■’ nd hy  i n t e r n o l a t i o n  th e a p p ro x im a te  f lo w  o f  th e  g a s  per t w e n t y - f o u r  h o u r s  i s  co m p u ted . Such m easurem ents sh o u ld  be bene a t e d  two o r  t h r e e  t im e s  and then a v e r a g e d .  A s k i l l f u l  w e l l  t e s t e r  c a n  o b t a i n  v e r y  s a t i s f a c t o r y  r e s u l t s  w it h  a lm o s t  e v e r y  typ eo f  w e l l .The g a s o l i n e  c o n t e n t  o f  th e  g a s  j.s d e te rm in e d  by  w hat i s  known a s  th e  "Newton A b s o r o t io n  T e s t e r " ,  The a p p a r a t u s  c o n s i s t s  o f  an a b s o r b e r ,  te n  f e e t  o f  o r e - f o u r t h  in c h  ru b b er t u b i n g ,  a U -t u b e  a r e l i e f  v a l v e  or r e g u l a t o r ,  and some m in e r a l  s e a l  o i l  o f  35 d e g .  Baume g r a v i t y .



. f t e r  c o n n e c t i n g  th e g a s  to  he t e s t e d  a s  shown on the sketch t h a t  comes w i t h  th e  "Newton T e s t e r ” , the g a s  i s  a l lo w e d  to run t  ’ro u g h  th e  t u h i n g  f o r  a few m i n u t e s .  The a b s o r b e r  i s  T)lr?,ced i n  a  v e r t i c a l  p o s i t i o n  and th e m in e r a l  s e a l  o i l  i s  poured in to  t h e  a b s o r b e r  u n t i l  125 cc  i s  r e a c h e d ,  w h ic h  i s  i n d i c a t e d  on the g l a s s  on th e  s id e  o f  the a b s o r b e r .  The r u b b e r  t u b i n g  i s  then con nected  w i t h  th e  a b s o r b e r .  The w a te r  p r e s s u r e  i s  m a i n t a in e d  e ig h t  i n c h e s  b y  th e a id  o f  the r e l i e f  v a l v e ,  w h ich  a s s i s t s  i n  k e e p ­in g the p r e s s u r e  c o n s t a n t .  A llow  th e  g a s  to go i n t o  th e  a b s o r b e r  fo r  th j  r $ y  m i n f t t e s . h e d u c t  from  th e r e e d i n g  o f  the m i n e r a l  seo,l o i l  l e v e l ,  the o r i g i n a l  r e e d in g  and m u l t i p l y  t h i s  i n c r e a s e  in  c . c .  by l/6 end you w i n  o b t a in  th e  amount o f  g a l l o n s  o f  g a s o l i n e  p e r  thousand c u b i c  f e e t  o f  g a s  t e s t e d .  The te m p e r a tu r e  o f  th e  g a s  d u r in g  the t e s t  s h o u ld  be ab o u t BO d e g . ? . , a l t h o u g h  a  v a r i a t i o n  i n  tem p era­tu re  o f  10 d e g . ? ,  above or b e lo w  w i l l  n o t  have any a p p r e c i a b l e  e f f e c t  unon th e  r e s u l t s  o b t a i n e d .  The t e s t e r  i s  d e s ig n e d  t o  g iv e  th e  r e s u l t sns o b t a in e d  i n  an a v e r a g e  a b s o r p t io n  p l a n t ,1,rh e n  v e r y  a c c u r a t e  r e s u l t s  are n e c e s s a r y ,  th e  " C h a r c o a l  A b s o r p t io n  A p p a r a t u s "  i s  u s e d .  The p r i n c i p l e  o f  t h i s  method o f  t e s t i n g  c a s i n g  head g a s  f o r  g a s o l i n e  c o n t e n t  c o n s i s t s  in  a b s o r b in g  the g a s o l i n e  v a p o r s  in  h i g h l y  a c t i v a t e d  c h a r c o a l ,  ana s u b s e q u e n t ly  r e c o v e r i n g  th e  g a s o l i n e  b y  d i s t i l l a t i o n .A f t e r  th e  q u a n t i t y  o f  gas  produced by e a c h  w e l l  h a s  been d e t e r m in e d , an e s t i m a t e d  d a i l y  t o t a l  g a s  p r o d u c t i o n  o f  th e  e n t i r e  f i e l d  i s  a r r i v e d  a t  r»nd one i s  th e n  a b le  to  d e te r m in e  w h eth er the gas l i n e s  a re  l a r g e  en ough to t r a n s p o r t  a l l  th e  g a s  to  th e  p l a n t s  which m a i n t a i n  10" vacuum w it h o u t  p r o d u c in g  a p r e s s u r e  g r e a t e r  th an  th ree p o u n d s p e r  sq u a re  in c h  ^t the t r a p .  The n e x t  t h i n g  n e c e s s a r yis  to  d e t e r m in e  w h eth er th e p l a n t s  h a v e  en ough c a p a c i t y  to  ta k e  c a r e



/0f a l l  th e  g a s  th ~ t th e w e l l s  nroduce and m a i n t a in  a b o u t  10” vacuum in the p l a n t s .i t  i s  e s s e n t i a l  t h a t  the g a s o l i n e  p l a n t s  s h o u ld  a t  a l l  t im e s  have s u f f i c i e n t  c a p a c i t y  to  take c a r e  o f  a l l  th e  g a s  t h a t  s e e k s  a d m is s io n  f o r  otherwise th e  gag  p r e s s u r e  i n  th e p ip e  l i n e s  w i l l  b u i l d  up above th r e e  sounds w i l l  pop o f f  in t o  the a i r  th r o u g h  th e  r e l i e f  v a l v e 3 ,  To a s s u r e  a-iple o l a n t  c a p a c i t y  to  ta k e  c a r e  o f  a l l  our g a s  a t  a l l  tim es was th e greatest p r o b le m  o f  our gas  d e p a r tm e n t , s in c e  the g a s o l i n e  p l a n t s  t r e a t i n g  our gas a r e  n e i t h e r  owned nor managed by our company.T h ere were te n  l a r g e  p l a n t s  and fo u r  d i f f e r e n t  m ethods were employed ir. e x t r a c t i n g  th e g a s o l i n e .  Some p l a n t s  used a c o m b in a t io n  o f  two d i f f e r ­ent m ethods w h ic h  made i t  s t l l  more c o m p l ic a t e d  to i n s p e c t  th e  p l a n t s  i n t e l l i g e n t l y ,  t h e r e f o r e ,  a th o ro u g h  knowledge and u n d e r s t a n d in g  o f  a l l  the p l a n t s  t r e a t i n g  our g as  was a b s o l u t e l y  n e c e s s a r y ,A3 f a r  a s  our g a s  d ep artm en t was a b l e  to d e t e r m in e ,  t h e r e  were no flow s h e e t s  sh o w in g  the m ethods used b y  each i n d i v i d u a l  p l a n t  or any in fo r m a tio n  sh o w in g  th e  c a p a c i t i e s  o f  the p l a n t s .  I  r e a l i z e d  t h a t  i n  order to  be a b l e  to  i n s p e c t  th e p l a n t s  i n t e l l i g e n t l y  our g a s  depar trnent should u o s s e s  a l l  th e  f a c t 's  c o n c e r n in g  th e  p l a n t s ,  e s p e c i a l l y  th e w o rk in g  and u l t i m a t e  O p a c i t i e s  o f  e -c h  p l a n t ,  the g a s o l i n e  c o n t e n t  o f  th e  g a s o l i n e  e n t e r in g ,  and l e a v i n g  th e p l a n t s .  From t h i s  in f o r m a t io n  our g a s  d ep a rtm e n t would be in  th e p o s i t i o n  to  ju d g e  w hether the p l a n t s  have s u f f i c i e n t  c a p a c i ­ty to ta k e  c a r e  o f  a l l  the g a s ,  a l s o  i f  th e  m e c h a n ic a l  e f f i c i e n c y  and th ee x t r a c t i o n  e f f i c i e n c y  are s a t i s f a c t o r y .The g a s  d e p a rtm e n t made a th o r o u g h : .s t u d y  o f  a l l  th e  p l a n t s  and p r e ­pared t e c h n i c a l  r e p o r t s  on a l l  o f  them . J h i .  ty p e  o f  work was o r i g i n a t e d  and worked out b y  our g a s  d ep artm en t under my s u p e r v i s i o n  and a l l  e f f o r t s  were c o n c e n t r a t e d  to  make th e s e  r e p o r t s  a s  c o r r e c t  and co m p le te  as  p o s s i b l e .  S e v e r a l  r e p r e s e n t a t i v e  t e c h n i c a l  r e p o r t s  a r e  d e s c r i b e d  e ls e w h e r e  i n  t h i s  th e s is  .



" ^ e n  th e r e p o r t s  o f  a l l  the p l a n t s  were co m p le te d  i t  opened the eyes of our g ° s  d e o a r tm e n t ,  f o r  we were then a b le  to see what th e  p l a n t s  -•ere d o i n g ,  how much gas  th e y  could  h a n d le  and we knew how much t h e y  should h a n d l e .  The r e s u l t s  o f  the in f o r m a t io n  o b t a in e d  from t h e s e  r e p o r t s  can not be o v e r e s t i m a t e d  f o r  th e  recom m endation made b y  the g a s  d e p a rtm e n t on the s t r e n g t h  o f  th e s e  r e o o r t s  h ave s in c e  th en jn e tte d  many a d d i t i o n a l  thousands o r d o l l a r s  m o n th ly  from th e r e v e n u e s  d e r iv e d  from th e  g a s  and gasoline p r o d u c t i o n .rh e  t e c h n i c a l  r e p o r t s  on th e p l a n t s  were pron oun ced  c o m p le te  and correct b y  th e  S u p e r in t e n d e n t  o f  the P l a n t s  and have r e c e i v e d  h i g h  p r a i s errom our m an a g e m e n t.Th ere a r e  th r e e  d i f f e r e n t  methods f o r  th e g a s o l i n e  e x t r a c t i o n  usedhy our p l a n t s  and f o r  the b e n e f i t  o f  th e  s t u d e n t s  who may d e s i r e  to  f o l l o wthe g as  and g a s o l i n e  end o f  t ve p e tro le u m  i n d u s t r y ,  I  am p r e s e n t i n g  ino fd e ta ils  th e  d e s c r i p t i o n / p r o c e s s e s  and equipm ent u s e d ,  a ls o  a "Plow S h e e t "of each method . ,a few  y e a r s  ago i t  was the b e l i e f  o f  th e  e n g i n e e r s  in our r e g io nthat g a s  w it h  a g a s o l i n e  c o n t e n t  o f  over one g a l l o n  per 1000 c u . f t .  can be t r e a t e d  more e c - r o m i c a l l y  by the c o m p re s s io n  m eth o d , w h i le  g a s  h a v in g  gasoline c o n t e n t  from 0 .1  to 1 .0  g a l l o n  o e r  1000 c u . f t .  can be t r e a t e d  more e c o n o m ic a l ly  b y  th e  a b s o r p t i o n  m ethod. A t p r e s e n t  th e a b s o r p t i o n  p r o c e s s  is f a s t  r e p l a c i n g  th e  c o m p r e s s io n  p r o c e s s  i n  th e o i l  f i e l d s  o f  C a l i f o r n i a .The c o m p r e s s io n  method w~s m o s t l y  u s e d  ir. e x t r a c t i n g  g a s o l i n e  ^rom our g a s ,  so I  w i l l  d e s c r i b e  t h is  method f i r s t :fi OMPPh 3SI ON PL MET Ge n e r a l  P i s c u s s i o n  o f  th e  P r o c e s s  The b l u e  e r i n t  shows the f lo w  o f  g a s  from the w e l l  u n t i l  i t  i s  ^leased from  the P l a n t ."h e  c o m o r e s s io n  p l a n t  d e r i v e s i t s  g a s o l i n e  y i e l d  from  wet gas  b y  the
com pression n r o c e s s .



A d o 1" - i o n  o f  th e  g a s  e n t e r i n g t h e  corapressj on p l a n t  comes i n  under a vacuum p r o d u c e d  h y  a b o o s t e r , The wet g a s ,  b e f o r e  b e in g  drawn in t o  th e  compressors p a s s e s  th ro u g h  a s c r u b b e r  where any d i r t  or o th e r  d e t r i m e n t a l  foreign su b s + ^ n c e  i s  rem oved.The wet g a s  a f t e r  p a s s i n g  th ro u g h  th e s c r u b b e r  e n t e r s  the low pressure c y l i n d e r  o f  th e  co m n resso r and i s  p o i y t r o p i c a l l y  com pressed to 70 l b s ,  w i t h  a r e s u l t i n g  te m p e ra tu re  r i s e  to TOO d e g r e e s  B .One c o m n r e s s o r  h as  two low n r e s s u r e  c y l i n d e r s ;  the o th e r  f i v e  com­pressors h a v e  one low  p r e s s u r e  c y l i n d e r  and one high, p r e s s u r e  c y l i n d e r .The d e t a i l s  o r  th e  co m o re ss o rs  $ i l l  be found on the eq uip m en t s h e e t .' f t e r  tv e eras i s  d is c h a r g e d  from the low p r e s s u r e  c y l i n d e r s  th e g a s  passes t h r o u g h  a a e r i e s  o f  c o o l i n g  c o i l s .  These c o i l s  ab so rb  th e  h e a t  of c o r n e r s s s io n . The te m p e r a tu r e  o f  th e  g a s  b e i n g  d e c r e a s e d  from 200 d e g .B .  to *6 d o a , v 4 T^e con den sed l i q u i d  i s  drawn o f f  i n t o  an a c c u m u la to r  t a n k .It is  e s t i m a t e d  t h a t  2<$ o f  th e  t o t a l  g a s o l i n e  in  the g a s  i s  e x t r a c t e d  in  these low p r e s s u r e  c o i l s .^he (mas n a s s e s  out o f  the to p  o f  th e  a c c u m u la to r  ta n k  and e n t e r s  th e high n r e s s u r e  c o m p r e s s o r  i n t a k e .  I t  i s  th e n  com pressed p o i y t r o p i c a l l y  to 
300 l b s , ,  w i t h  a c o n s e q u e n t i a l  r i s e  in  te m p e ra tu re  to  210 d e g .B .T * e a f t e r  d i s c h a r g e  f r a n  the h i g h  c o m p r e s s io n  c y l i n d e r s ,  p a s s e sthrough a a e r i e s  0-r h i f *  p r e s s u r e  c v l c .  The h e a t  o f  c o m p r e s s io n  i s  a b ­sorbed i n  t h e s e  c o i l s  b y  means o f  a w a te r  s p ra y  t h a t  f a l l s  c o n t i n u o u s l y  upon them . T h is  c o o l i n g  o f  th e  g a s  o f  c o u r s e  d e c r e a s e s  the te m p e r a tu r e  rith  a f u r t h e r  c a r d e r s a t i o n  o f  th e  g a s o l i n e  c o n t a in e d  i n  the n a t u r a l  g a s .  The l i q u i d  condensed, in  th e h ig h  c o m p r e s s io n  c o o l i n g  c o i l s  i s  drawn o f f  into an a c c u m u l a t o r  t a n k .  About 60% o f  the t o t a l  g a s o l i n e  m  the g a s  i s  e x tra cte d  i n  th e s e  h i g h  n r e s s u r e  c o i l s .The g a s  p a s s e s  out o f  th e  top  o f  th e  a c c u m u la to r  and e n t e r s  a B a k e r, . , .  + t h i s  r » s  s t i l l  c o n t a i n s  a c o n s i d e r a b l e  q u a n t i t y-at e x c h a n g e r ;  r e l a t i v e l y ,  mms1 h e a t .  T h .is  warm gas  f lo w s  th r o u g h  the h e a t  e x c h a n g e r  and e n t e r s  th e



- 9 - ̂ ..... -I 1 ■. I ! 11ower end o f  an  e x p a n d e r .The e x p a n d in g  o f  t^ e  g a s  from 300 l b s ,  to  30 l b s ,  c a u s e s  the teaT)erature to  d ro p  to 150 d e g . ? ,  below z e r o .  T h is  i n t e n s e l y  c o ld  g a s  ĉ?ves th e  e x p a n d e r  (power end) and a g a i n  e n t e r s  th e  B a k e r  h e a t  i n t e r ­change?. The h e a t ,  c o n ta in e d  i n  the in c o m in g  warm g a s  from th e a c c u m u la to r  tank, i s  a b s o r b e d  b y  th e c o ld  gas from th e e x p a n d e r .  C o n s e q u e n t l y ,  f u r t h e r  condensation o f  th e  g a s o l i n e  t a k e s  p l a c e .  A bout 1 *$  o f  th e  t o t a l  g a s o l i n e  in the g a s  i s  e x t r a c t e d  i n  th e h e a t  e x c h a n g e r ?A f t e r  l e a v i n g  "the h e a t  e x c h a n g e r ,  the g a s  now e n t e r s  the b o o s t e r  end o f  th e  e x p a n d e r .  H ere i t  i s  b o o s t e d  to  35 l b s .  and. g o e s  to  th e  f i e l dfor use . D i s c u s s i o n  o f  t h e f u n c t i o n  o f  y a r i o us a p p a r a t u s .
A* 'a'Cc y l i n d e r  ta n k  u sed  to c l e a n  th e in co m in g  g a s  o f  an y  d i r t ,  t h e r e b y  in s u r in g  a c l e a n  co m p resso r f e e d .
E< S f f i f f w v-nl t  th e  p r o d u c t s  o f  n a t u r a l  g a s ;  w hich m ust he e i t h e r  C o o le d  or oressure e x e r t e d  th e r e o n  or b o t h .  C a s in g ,  head g a s  c o n t a i n s  in  v a r y in g  ̂ per centafres, m e t h a n e , e t h a n e ,  p r o p a n e , b u t a n e ,  p e n ta n e  and h e x a n e .  The l i q u i d a t i o n  p o i n t  o f  th e s e  c o n s t i t u e n t s  wary g r e a t l y  from 735 i * s .  P ^ a s u r e  and 9 5 .5  d e g .  c e n t i g r a d e  f o r  m e th a n e , to  522 I t s .  p r e s s u r e  and 1 5 3 .2  ^ g .  c e n t ig r a d e  f o r  l e n t a n e .I t  i s  i m p o s s i b l e  to  d e s i g n a t e  a p a r t i c u l a r  c o n d e n s a t io n  p r e s s u r e  and tem perature t h a t  w i l l  he a p p l i c a b l e  to a l l  o a s e s .  I t  i s  now a lm o s t  the u n i v e r s a l  p ra ctice  to  com press the g a s  to  ?50 l b s . -  JOO l b s .  per sq u a re  i n c h .  This i s  a c c o m p lis h e d  in  two s t a g e s .  The lo w , o r  som etim es c a l l e d  th e  i n t e r ­s t a g e .  p r e s s u r e  i s  ' r a n  25 l b s -  50 l b s .  p e r  sq u a re  in c h  d e p e n d in g  on the d esig n  o f  th e  m a c h in e .  The h e a v i e r  c o n d e n s a te  i s  removed a t  t h i s  p r e s s u r e  when th e  g a s  i s  c o o le d  in  th e  low p r e s s u r e  c o o l i n g  c o i l s .
C ' S °H m T T w e l l 3  c o n t r i b u t i n g  wet g a s  to  th e  co m p ressor p l a n t ,  have not



-1 0 -en0uffh n a t u r a l  r o c k  quently a  b o o s t e r  i s *p r e s s u r e  toin s  t a i l e d e n a b le  the to  overcomedraws the g a s  i n  on a vacuum o f  ap p ro xim a t gas to a d i s c h a r g e  p r e s s u r e  o f  2 l b s .
g a s  to r e a c h  the p l a n t , c o n s e -  t h i s  c o n d i t i o n .  T h is  m ach in e e l y  6” and th en  co m p resses  the

V. free E n g i n e s^ o n r c y c l e  e n g in e s  are  e x c l u s i v e l y  em ployed por t h i s  w o rk . The r e - s o n  fo.. b e l t  d r iv e n  c o m p r e s s o r ,  t h a t  i s ,  c o m p re s s o rs  d r iv e n  b y  a gas e n g in e  as a s e p a r a t e  u n i t ,  i s  t h a t  a g r e a t e r  v a l u e  can  be r e a l i z e d  in a second hand m ark et in  c a s e  th e p l a n t  i s  d is m a n t l e d ,  v B .  C o o l i n g  C o i l sS i n c e  th e  c r i t i c a l  te m p e ra tu re  as w e l l  as  the c r i t i c a l  p r e s s u r e  must be o b t a i n e d ,  th o ro u g h  c o o l i n g  o f  the g a s e s  i s  e s s e n t i a l .  E i t h e r  the submerged ^low  or open f lo w  typ e i s  a v a i l a b l e  W ith  the open f lo w  ty p e  :used at the c o m p r e s s o r  p l a n t ,  the g a s  i s  expanded and t r a v e l s  th ro u g h  th e  c o i l s  givins i t  am ple o p p o r t u n i t y  to  come i n t o  i n t i m a t e  c o n t a c t  w it h  th e  c o o l i n g  surface. B y  s p r a y i n g ,  or a l l o w i n g  th e w a te r  from th e  t o w e r s ,  t o  drop on and over th e  c o i l s ,  th e  added a d v a n ta g e  o f  b r i n g i n g  the w a te r  in t o  c o n t a c t  with the a i r  r e s u l t s  in  e f f i c i e n t  c o o l i n g .  I t  i s  w e l l  to  remember t h a t  evaporation o f  th e  w a te r  w i l l  r e s u l t  in  a g r e a t e r  number o f  B . T . U I s  ab sorb ed than p o s s i b l y  c o u ld  be o b t a in e d  b y  s t r a i g h t  c o n d u c t io n  o f  h e a t  th r o u g h  su b ­merged c o o l i n g .  I n  o t h e r  w o rd s, too  much c o o l i n g  w a te r  i s  d e t r i m e n t a l .The B u r e a u  o f  M in e s  s t a t e s  t h a t  f o r  a p l a n t  s i m i l a r  to  th e  com­pressor p l a n t ,  t h e r e  should be 0 . 5  s q . f t ,  o f  c o o l i n g  s u r f a c e  p e r  1000 c u . f t ,  of gas t r e a t e d  i n  th e  low p r e s s u r e  c o i l s .  The same amount o f  s u r f a c e  i s  ample f o r  th e  h i g h  p r e s s u r e  c o i l s ." • Ac c umu1 a t  or T anks~ T h e '  'purpo'se~~of the a c c u m u la to r  ta n k  i s to c o l l e c t  th e  g a s o l i n e  andwater co n d e n se d  from  the gas end to s e p a r a t e  th e g a s  from the g a s o l i n e  as it i s c a r r i e d  c h a r .  I t  a ls o  s e t s  as a s t o r a g e  t a n k ,  e n a b l i n g  th e o p e r a t o r  fo r e p a i r  th e  g a s  t r a p  in  c a s e  i t  f a i l s  to  o p e r a t e ,
A b a f f l e  p l a t e  i s  p la c e d  d i r e c t l y  i n s i d e  o f  th e  ta n k  and o p p o s i t e  the p o in t  a t  w h ic h  th e  g a s  e n t e r s .  C o n s e q u e n t ly  any ch a n ce  o f  g a s o i- in e  b e -
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* *  C a r r l e d  ° ' ' ’ r  r t t h  t J »  « f »  i s  *««>> l o s s e s .  T h ese ta n k s  h a re  g a s o l i n e  -auges t o  i n d i c - t e  the amount o f  c o n d e n s a te  c o t a i n e d  a t  a l l  t i r e s .T'r* He'i.t E x c h a n g e r¥v e f u n c t i o n  o f  the H e a t  E x c h a n g e r  i s  to  c o o l  th e  in c o m in g  warm g a s  s u d d e n ly . T h i s  su d d en  c o o l i n g e x t r o c t s  the l a s t  p o s s i b l e  amount o f  g a s o l i n e  that i s  p r a c t i c a b l y  o b t a i n a b l e  from the c o m p r e s s io n  p r o c e s s .g-e he t  e x c h a n g e r  u s e d  a t  th e  c o m p r e s s io n  p l a n t  i s  s im p l y  a  l a r g e  shell, d i v i d e d  i n t o  f i v e  c o m p a r tm e n ts .  I n  e a c h  com partm ent t h e r e  a r e  a double s e r i e s  o f  c o i l s .  One w i t h i n  the o t h e r .  The wWm g a s  f l o w i n g  i n  o n e , th’  c o ld  g a s  from  th e oovre r  end o f  th e  e x p a n d e r  f l o w i n g  i n  the o t h e r .1 n t e r c h a n g e  i s  b y  v - d : t i  on and c o n d u c t i o n ;  c o n v e c t i o n  can 'or a l l  p r a c t i c a b l e  p u r p o s e s  be c o n s id e r e d  n e g l i g i b l e .  The amount o f  h e a t  r a d ia te d  w i l l  d e o e n d .u o o n  th e  d i f f e r e n c e  in  te m p era tu re , b etw een  th e  b o d i e s  9nd u o cn  th e  s u b s t a n c e s  o f  v h ic h  t h e y  a r e  co m p o se d . I n  t h i s  c a s e  ( t u b i n g  iron) .0920 p e r  s q . f t ,  p e r  h o u r  p e r  d e g r e e  d i f f e r e n c e  i n  te m p e r a tu r e(F a h r e n h e it )  con be c o n s i d e r e d  a good v a l u e .mhe amount o f  h e a t  c o n d u c te d  w i l l  depend upon the m a t e r i a l  o f  w h ich  he b o d y  i s  com posed anc upon the d i f f e r e n c e  i n  ternnenature b etw een  th e  two sides o f  th e  b o d y ,  and i s  i n v e r s e l y  p r o p o r t i o n s !  to th e  t h i c k n e s s  o f  the s i s t e r i t h i s  c a s e  932 per s q . f t ,  p e r  d e g r e e  d i f f e r e n c e  intem perature p e r  h o u r  can  be c o n s id e r e d  a good v a l u e .I • Heap sliderI t s  f u n c t i o n  i s  to c o o l  the g a s  i n  th e  power end o f  th e  m a c h in e  f o r  use i n  the h e a t  e x c h a n g e r ,  end to b o o s t  th e g a s  from  th e hea.t e x c h a n g e r  f o r  fie ld  u s e .  The e x t e n d e r  was o r i g i n a l l y  d e s ig n e d  a s  a steam  u n i t  c o m p r e s s o r .  ’ Vie h i  oh p r e s s u r e  g a s  now b e i n g  used as th e  p rim e m o v e r .I t  was i m p o s s i b l e  to  o b t a i n  the te m p e r a tu r e  o f  th e  g a s  a f t e r  e x p a n d ­ing b e c a u s e  o f  i t s  e x t r e m e l y  low  t e m p e r a t u r e .  I t  i s  p o s s i b l e  though to  c a l -culi-f-e i t  b y  m eans o f  th e r m o d y n a m ic s . The f o l l o w i n g  b e i n g  th e  c a l c u l a t o r  Sat'’ •
9)



-IP-%G a s  P r e s s u r e  ( I n i t i a l  315# a b s o l u t e  p r e s s u r e( F i n a l  4-5# " "G a s  T e m p e ra tu re  ( I n i t i a l  0 d e g . 7 .  (Q° F . )T h e o r e t i c a l l y  o f  c o u r s e  the e x p a n s io n  i 3 p o l y t r o p i c ;  i n  a c t u a lp r a c t i c e  when g a s  i s  s u d d e n ly  corn-oressed or e x p a n d e d , the c o m p r e s s io n  c u rv ei s  a p o r o x i m a t e l y  a d i a b a t i c ,  a slow  a c t i o n  w ou ld  g i v e  an i s o t h e r m a l  c u r v e .C o n s i d e r i n g  th e n  t h a t  th e  e x p a n s io n  i s  a d i a b a t i c  we h a v e ;
T ?  = ( ?2 ) r  or T2 = Ti  ( P 2 ) r

( 1 .4 0 6 - 1Then ( 0 +  460 ) (4 5 x1 4 4  ) ( 1 .4 0 6  )
I T i t i l U )Or T a -  460 ( 45 ) 0,?<5Then To -  460 x  ( Q ,1 4 2 ) ’ 'r 9C 3 i 5 )l o g To * l o g .  4$0 +  .29 ( l o g .  0 .1 4 2 )Log Tp -  2 .6 6 2 8  + .29 x  ( 9 .1 5 2 3  -  10 )Log t 2 = 2 .6 6 2 8  + r-f 0 .24-5° = 2 .4 1 6 9  )T-2 ^ 261°  a b s o lu 'te  -

261° _  460° =  — 199° F a h r e n h e i t" h e n  199° b e lo w  z e r o  F a h r e n h e i t  i s  th e  c a l c u l a t e d  t h e o r e t i c a l  v a l u e ;  th e  a c t u a l  v a lu e  w i l l  be i e s 3  due to r a d i a t i o n  and c o n v e c t i o n  l o s s e s .  I f  t h e s e  a r e  e s t i m a t e d  a t  2 %  ( e s p e c i a l l y  on a warm day) th e n  l 5 0 °  b e lo w  zero  F a h r e n h e i t  c a n  be c o n s id e r e d  ab ou t t h e  c o r r e c t  v a l u e  o f  th e  te m p e r a tu r e  o-f* th e  g a s  a f t e r  e x o a n s i  on . FQ.TTIPUFITT1. S c r u b b e r1 .  f ’rom o r e s s u r e  w e l l s  a One s c r u b b e r  3 ’ 6 " x l 2 ’ b P r e s s u r e  1 "  t o  5#P .  From vacuum w e l l sa  Two s c r u b b e r s  3* 6” x l 2 ” b P r e s s u r e  6 ” vacuumB . C o m p r e s s o r s1 .  Number u sed  (6)a  One u n i t  h a s  2 low p r e s s u r e  c y l i n d e r sF i v e  u n i t s  have 5 h i g h  p r e s s u r e  and 5’ low p r e s s u r e  c y l i n d e r s .



j?t Compr e s s o r s2 . D im e n s io n sa  H ig h  p r e B S u r e  c y l i n d e r s  8” x  l 6 "  b Lor: p r e s s u r e  c y l i n d e r s  l 6 "  x  l 6 "
3 , P r e s s u r e sa I n  low  p r e s s u r e  c y l i n d e r  i n l e t  2# s q . i n .  b I n  h i g h  o r e s s u r e  c y l i n d e r  d i s c h a r g e  300# s q . i n .T e m p e r a tu r e1 L o ^  p r e s s u r e  c y l i n d e r  l i n ea  . ( an i n l e t  90°  F( d i s c h a r g e  l 8 0 °  -  200° F2 H ig h  o r e s s u r e  c y l i n d e rf i n i e t  ? 0 °  F ( d i s c h a r g e  210° F

5, C a p a c i t y
Low -  '^ ,5 0 0 ,0 0 0  -  6 ,0 0 0 ,0 0 0  c u . f t .H ig h  5 ,5 0 0 ,0 0 0  -  6 ,0 0 0 ,0 0 0  c u . f t .

6 , B o o s t e r s1 . 'T'yne -  I n g e r s o l -  Rand " I m p e r i a l "2 . Humber u sed 23 . D im e n s io n 3(A B o r e  27" & ( C .  E o r e  27(B  S t r o k e  l 6 " ( D .  S t r o k e4 . P r e s s u r eA. I n t a k e  6" vacuumB .  D i s c h a r g e  2# p r e s s u r eI). G a s  E n g i n e s1 .  Type *(^ o o s "  '4  c y l i n d e r ,  4 c y c l e ,  v e r t i c a l2 .  yum ber u sed  83 .  D im e n s io n sa .  B o r e  1 1 - 1 / 2 ’' h .  S t r o k e  15"4. TTorsepower l655 .  R e v o l u t i o n s  p e r  m in u te  -  °80S Coo l i n g  C o i l s  -(Low P r e s s u r e )1', "Tyne 2 11 n i n e  c o n n e c t e d  "by h e a d e r  n . D im e n s io n sa .  L e n g t h  6 0 ’
b .  Humber o f  p i p e s  -  ?83 .  T e m n en atu re  o f  c a sa .  I n l e t  190° ( e s t i m a t e d )  h . D i  s c h a r g e  66° F .4 .  P r e s s u r e  o f  g a sa .  " I n l e t  ) H ot e q u ip p e db .  D i s c h a r g e ) f o r  such a measurement

Cool i n g  C o i l s  - H i g h  P r e s s u r e )  _1 .  T yn e 2'n n in e  c o n n e c te d  by  t n a n g l e r
? ,  Dim ensio nsa .  L e n g t h  6 0 ’b .  Humber o f  ^ i p e s  -  23 

. 3 ,  Temperature o f  gas

h e a d e r s



m
f .  C o o l i n g  C o i l s  -  ( h i g h  P r e s s u r e )3 , ^ " T i e r  "tu r 'e  o f  Gasa I n l e t  ) 200° F .^Estim atedb D i s c h a r g e  ) 70° F ) "4 ,  P r e s s u r e  o f  G asa I n l e t  ) P o t  e q u ip p e d  f o r  s u c h  a b D i s c h a r g e  ; m easurem entS’. Accumul a t o r  Tanks1 . HumFer u s e d  -  5~a F o u r  f o r  c o n d e n s a te  ^rora L P c o i l s  b One f o r  c o n d e n s a t e  from H P c o i l s2 , D im e n s io n s  ( a p p r o x im a t e ly )a  Low -  H e i g h t  6 * ;  d ia m e t e r  3 ’ b H ig h  h e i g h t  10» " 4»H. H e a t  E x c h a n g e r1 .  " Type -  B a k e r  (5  com p artm en ts2 . T e m p e r a tu r e  o f  Gas a I n l e t  66° Fb D i s c h a r g e  0° F3 .  P r e s s u r e  o f  G a s  a  I n l e  t  30 0#b D i s c h a r g e  300#I . E x p a n d e r1 .  " Type T n g e r s o l  -  Rand2 .  H u m b er-u se d  -  13 .  D im e n s io n sa Power end -  ( 9 ” x  l 6 ” b B o o s t e r  end ( 1 3 ” x  l 6 "4 .  Speed 175 R . P . M .5 . T e m p e r a tu r e  o f  g a s  (power end) a  I n l e t  0 Fb D i s c h a r g e  150° F be lo w  zero6 .  P r e s s u r e  ( Po,,Ter  end) a  I n l e t  300# s o . i n .  b . D i s d h a r g e  30# s q . i n ,7 . P r e s s u r e  ( B o o s t e r  end)a . I n l e t  30# p e r  s q . i n .  b D i s c h a r g e  35# ” "
J .  Pumns1 .  - Type C e n t r i f u g a l2 .  Make -  Cam eron3 .  D im e n s io n s  4 ”2 .  A u x i l l i a r y  PumpsHumber u sed -  2Type -  H o r t h i n g t o nD im e n s io n s  -  6" x  % l / 7 "  x  1/0"K . B o i l e r s  ( TJoed f o r  th a w in g  o n ly )f y p e  0 w ir e  tu b e  B . H . P .  70Humber i n s t a l l e d  -  2 .
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^  - 1 ? -  ^?Te x t  i n  im p o r t a n c e  was the a b s o r p t i o n  proce-ss f o r  g a s o l i n e  e x ­t r a c t i o n  so I  am P r e s e n t i n g  the d e s c r i p t i o n  o f  one o f  th e  l a r g e s t  p l a n t s  u s in c1 t h i s  p r o c e s s  on our g a s .TT? APSORPTION PLATTT G e n e r a l - P i s c u s s i o n  o f  th e  P r o c e s she A b s o r p t i o n  P l a n t  em p loys b o th  the c o m p r e s s io n  and a b s o r p t i o n  methods f o r  r e c o v e r i n g  g a s o l i n e  from n a t u r a l  g a s ; th e  a b s o r p t i o n  m ethod p r e d o m i n a t i n g .T h ere  a r e  e l e v e n  c o m p r e s s o r s  a t  t h i s  p l a n t .  P o u r o f  them h a v e  e a c h  tiro h ig h  p r e s s u r e  c y l i n d e r s ;  one ha,s two low  p r e s s u r e  c y l i n d e r s  and th e r e m a in in g  s i x  h ave e - c h  one h i g h  and one low  p r e s s u r e  c y l i n d e r s ."h e  low  p r e s s u r e  g a s  a f t e r  p a s s i n g  th r o u g h  a s c r u b b e r ,  T h e re  i t  i s  c le a n e d  o f  an y  d e t r i m e n t a l  s u b s t a n c e ,  g o e s  i n t o  th e P l a n t ' s  lo w p r e s s u r e  i n ­take - a  i n .  The p r e s s u r e  in  t h i s  m a in  i s  a p p r o x i m a t e l y  6 l b s .  The c o m p r e s s o r s  are a r r a n g e d  to  f e e d  in  m u l t i p l e .  T h a t i s . ,  e a c h  c o m p re s s o r  f e e d s  from  a common mains; The g a s  p a s s e s  from  th e , lo w  p r e s s u r e  m a in  in t o  th e  low  p r e s s u r e  c y l i n d e r  -•'here i t  i s  p o l y  t r o p i c  a l l y  com pressed to a p p r o x i m a t e l y  ^5 l b s , per s q . i n .  The te m p e r a t u r e  c o r r e s p o n d in g  to  t h i s  p r e s s u r e  i s  d e g . P .  to ?30 d e g . P .  A f t e r  l e a v i n g  th e low  p r e s s u r e  c y l i n d e r s  th e g a s  p a s s e s  i n t o  the low p r e s s u r e  c o o l i n g  c o i l s .The C '.s  from  the h i g h  p r e s s u r e  w e l l s  e n t e r s  d i r e c t l y  th e low  p r e s s u r e  d i s c h a r g e  m a i n .The low  p r e s s u r e  c o o l i n g  c o i l s ,  c o o l  th e  g a s ,  t h a t  i s ,  t h e y  ab so rb  the v:e^ t o f  c o m p r e s s i o n .  C o n s e q u e n t l y ,  th e  t e m p e r a tu r e  o f  the g a s  i s  ib w ered end c o n d e n s a t i o n  o f  th e  v a p o r s  r e s u l t .  T h i s  c o n d e n s a te  i s  drawn o f f  i n t o  a low p r e s s u r e  a c c u m u l a t o r .  The g a s  p a s s e s  out th e  t o p  o f  th e  a c c u m u la t o r  and e n t e r s  th e  b o t to m  o f  the f i r s t  a b s o r p t i o n  to w e r .  The g a s  i n l e t  i s  a b o u t 3 ’ f rom t h e  b o t to m  o f  the to w e rs  or a t r i f l e  h i g h e r  th a n  th e  o i l  l e v e l .  The ?9.s f l o w s  up w ards and e n c o u n t e r s  a stream  o f  o i l  d e s c e n d i n g  o v e r  b a f f l e s .-he g a s o l i n e  in  th e  n a t u r a l  g a s  i s  a b s o r b e d  b y  t h e  o i l  i n  i t s  downward c o u r s e



-1 6-The a b s o r p t i o n  row ers a r e  c o n n e c te d  i n  s e r i e s  so t h a t  th e  g a s  w h ich  j eores  th e  to n  o f  th e  f i r s t  tow er e n t e r s  the h o t  tom o f  th e  se co n d  t o w e r ,Any g a s o l i n e  t h a t  i s  n o t  a b so rb e d  in  th e f i r s t  to w e rs  i s  a b s o r b e d  i n  th e second to w e r .
>̂10 crag le a w e s  th e  ton  o f  th e  second a b s o r n t i o n  tower and e n t e r s  th e high p r e s s u r e  i n t a k e  m a i n .  The h i g h  p r e s s u r e  c y l i n d e r s  fe e d  from  t h i s  m a in .A il c o n n e c t  i o n s  a r e  i n m u l t i n l e .The h i g h  p r e s s u r e  c y l i n d e r s  co m n ress  the g a s ,  p o l y t r o p i c  a l l y » to a p p r o x im a t e ly  ?90 l b s .  n e r  s q . i n .The t e m p e r a tu r e  o f  th e  h i g h  p r e s s u r e  d i s c h a r g e  g a s  i s  a p p r o x i m a t e ly  

2̂ 0 d e g , -7. From th e  h i g h  n r e s s u r e  d i s c h a r g e  m ein  the g a s  p a s s e s  th r o u g h  tbe h i  ah n r e s s u r e  c o o l i n g  c o i l s .  T h ese c o i l 3 a b s o r b  the h e a t  o f  co m p re s s io n  and th e  t e m p e r a t u r e  o f  the g a s  i s  g r e a t l y  l o w e r e d .  The sudden d e c r e a s e  m  temners t u r e  c a u s e s  tbe wan or s i n  the c o i l s  to  c o n d e n s e .  T> e c o n d e n s a te  i s  arawn o f f  i n t o  a h i g h  o r e s  s u re  a c n u S M l a t o r .  The g a s  no™ b e i n g  s t r i p p e d  o f f  i t ?  g o l i h e  c o n s t i t u e n t s  e n t e r s  the Midway G a s  l i n e s .The O i l  C i r c u i tS i n c e  th e o i l  n a h e s  a  c o m p le t e  c i r c u i t  i t  w i l l  he assum ed f o r  c o n -  • e n ie n o s  t h a t  the s t a r t i n g  p o i n t  o f  th e  o i l  c i r c u i t  I s  a t  th e  top  o f  th e  f i r s t  t o w e r .  t h i s  p o s i t i o n  the o i l  d e s c e n d s  and s t r i k e s  a  s e r i e s  o fwooden b e f f l e * .  ' h i s  c a u s e s  the o i l  to  d i r i d e  i n t o  a  m y ria d  o f  t i n y  s t r e a m s ,  " h i s  d e s c e n d i n g  o i l  a b s o r b s  th e g a s o l i n e  i n  th e n a t u r a l  g a s ,  w h ich  f lo w s  u p w a r d s . The o i l  f a l l s  to  th e  b o tto m  o f  th e  to w e r and i s  th e n  pumped to  the to p  0'  th e  second t o w e r .  I n  tv *  secon d  t o w e r ,  th e  p r o c e d u r e  i s  the semeas i n  th e  f i r s t  t o w e r .  The o i l  from  th e secon d  tow er i s  drawn o f f  and
-1 i. rvi-i a ri 1 i =5 known s s  c o ld  s s .tu ra ,t6 d  o i i »goes i n t o  an o i l  a c c u m u l a t o r  t a n k .  T h i s  o i l  i s  _ i o . . nTrom t h e  o i l  a c c u m u la t o r  t a n k  th e  o i l  p a s s e s  t h r o u g h  a  s e r i e s  o f  h e a t i n g  c o i l s  in  the s t i l l .  T h i s  m ust n o t  be c o n fu s e d  w i t h  th e o i l  g o in g  i n t o  th e  s t i l l  f o r  the p u rp o se  o f  v a p o r i z i n g  the g a s o l i n e .  The s a t u r a t e d  o i l  p a s s e s  from  t h e s e  d e p h ls g m a t o r  c o i l s  i n t o  and t h r o u g h  two h e a t  e x c h a n g e r s .  ” rom the h e a t  e x c h a n g e r s  the o i l  p a s s e s  t h r o u g h  a  p r e h e a t e r .  The o i l  t h a t



-1 7 -—jL > -th e  p r ^ h e ^ t e r  i^ lc n o w n  as h o t  s a t u r a t e d  o i l .  A f t e r  l e - v i n g  the orehe*-ter th e  o i l  ca te r®  -the s t i l l .  Here i t  e n c o u n t e r s  l i v e  s t e a m , T h is  in t im a t e  ' c o n t a c t  o '  o i l  and steam v a p o r i z e s  th e g a s o l i n e  c o n t a i n e d  i n  the o i l .The w a te r  v ^ o o r  anc pa"1 v a o o r  p a s s  o u t th e to p  o f  th e  s t i l l  and are c o n d e n s e d .  The w a te r  io  t h e n - s e p a r a t e d  from  th e  g a s o l i n e  b y  g r a v i t y ,Thp o i l  l e a v i n g  th e  s t i l l  i s  known as h o t  l e a n  o i l .  From th e  s t i l l  H o t l e a n  o i l  i s  ru n  i n t o  a t a n k .  A t  t h i s  p o i n t  a pump f o r c e s  i t  t h r u  the two h e a t  e x c h a n g e r s .  The h e ^ t  o f  t h i s  h o t  l e a n  o i l  i s  a b so rb e d  b y  th e  co ld  s a t u r a t e d  o i l .To i n s u r e  a  th o r o u g h  c o o l i n g  o f  the o i l  b e f o r e  e n t e r i n g  th e t o w e r s , the o i l  l e a v i n g  th e h e a t  e x c h a n g e 's  p a s s e s  t ^ r u  an o i l  c o o l e r ,  and i n t o  a t a n k .  From t h i s  ta n k  the o i l  i s  pumped t o  th e to p  o f  th e  f i r s t  a b s o r p t i o n  tower ond i s  am ain r e a d y  to  c o m p le te  i t s  c y c l e .pT gcTTSSTOH OF THV vyygT IO N S 0^ VARIOUS APPARATUSHCRTJB~TgRSThe s c r u b b e r s  a re  used to  s e p a r a t e  from  th e  g a s ,  an y f o r e i g n  matter c o n t a i n e d  t h e r e i n ,  that..w ould be h a r m f u l  i f  a l l o w e d  to p a s s  i n t o  t h e  main i n t a k e  l i n e . COMPRESSORSuve c o m p r e s s o r s  a t  t h e  a b s o r p t i o n  p l a n t  s e r v e  a  d u a l  p u r p o s e .T ?irs t  t h e y  c o m p re s s  t ’ e r s s ,  i n  the low  c o m p r e s s io n  c y l i n d e r s  to a p r e s s u r e  n e c e s s a r y  f o r  e f f i c i e n t  a b s o r p t i o n  in  the t o w e r s .  S e c o n d l y ,  the h ig h  c o .i -n r e s s i o n  c y l i n d e r s  a c t  a s  b o o s t e r s .The p r e s s u r e  used i n  c o n j u n c t i o n  w it h  th e  q u a n t i t y  o f  o i l  i n  the t o w e r s ,  d e t e r m i n e s  t o  a l a r g e  e x t e n t  th e  c n o e s - s e c t i o n a l  a r e a  o f  th e  t o w e r s .  I f  t h e  p r e s s u r e  i s  "oo g r e a t  th e o i l  and. g a s  w i l l  be  i n  c o n t a c t  to o  b r i e f  a t i m e ,  and p o o r  a b s o r p t i o n  •'.'111 r e s u l t .  A n o th e r  u n d e s i r a b l e  r e s u l t  i s  t h a t  o i l  may b e  c a r r i e d  over i n e c h a n i c a l l y  i n t o  th e  g a s  o u t l e t  l i n e .The a b s o r b i n g  q u a l i t y  o f  t h e o i l  i n c r e a s e s  w i t h  th e  p r e s s u r e .  C o n s e ­q u e n t l y  i t  w i l l  be seen t h a t  p r e s s u r e  a f f e c t s  th e  a b s o r p t i o n  p r o c e s s  m e c h a n i­c a l l y  and p h y s i c a l l y .  M e c h a n i c a l l y  i t  d e t e r m in e s  th e  w e ig h t  and s t r e n g t h



- 0f  m a t e r i a l  u sed f o r  t o " r s ,  l i n e  s , v a l v e s  rind t r a p s .  P h y s i c a l l y ,  i t  c o n tr o ls  th e  a c t u a l  volum e o f  p a s ,  and t h e r e b y  a f f e c t s  th e  speed o f  pas flow and i s  a f a c t o r  i n  d e t e r m in in g  the p e r c e n t a g e  o f  s a t u r a t i o n  to  w h ic h  ^absorption o i l  may be r a i s e d  w h i l e  rem o vin g  th e  maximum q u a n t i t y  o f  ■ condensate*
COOLIN'? COILSThe c o o l i n g  c o i l s  ab so rb  th e h e a t  o f  c o m p r e s s io n  and c o o l  the g a s  to as  low  a  t e m p e r a t u r e  as i s  p r a c t i c a l .  The a b s o r b ' ng o i l  w i l l  ab so rb  g re a te r  q u a n t i t i e s  o f  g a s o l i n e  a t low  t e m p e r a t u r e s  th a n  a t  h i^ n  t e m p e r a t u r e s .  Also th e  b o i l i n g  p o i n t  o f  some o f  th e  c o n s t i t u e n t s  o f  g a s o l i n e  i s  r a t h e r  low and th e  g a s  l i n e  w ou ld  n o t  be r e c o v e r e d  b y  o i l  a t  t e m p e r a t u r e s  h i g h e r  th a n  th at p o i n t ,  E f f i c i e n t  c o o l i n g  i s  then a v e r y  im p o r t a n t  f a c t o r  o f  p l a n t  . o p e r a t i o n , AC.CTOIULATQRSThe a c c u m u l a t o r s  a c t  as  s t o r a g e  t a n k s  f o r  th e  c o n d e n s a t e s  from th e c o o lin '-  c o i l s ,  ^ h e y  a l s o  s e p a r a t e  t h i s  c o n d e n s a t e  from  th e  g a s .  The g a s  o a s se s  out t h r o u g h  th e  to p  o f  th e  a c c u m u l a t o r s .
AE 5GRPTI PIT T017BP5Two t y p e s  o:?1 a b s o r p t i o n  to w e rs  are  used in  p r e s e n t  d a y  p r a c t i c e .The h o r i z o n t a l  and th e  v e r t i c a l .  The l a t t e r  ty p e  i s  p r o v i n g  b e s t  a d a p te d  i n  rceetin£ th e  r e q u i r e m e n t s .  The h e i g h t  o f  th e  t o w e r  i s  a f u n c t i o n  o f  tn e  g^s o r e s s u r e  and o f  t h e  d e s i r e d  minimum o i l  f l o w .  I n c r e a s i n g  th e h e i g h t  o f  a tower ’" o u ld  l e n g t h e n  the tim e o f  d e s c e n t  o f  th e  o i l  and r .n c re e se  th e  tim e o f  c o n t a c t  b e tw e e n  g a s  and o i l .  C o n s e q u e n t l y  a d e c r e a s e  i n  the amount o f  o i l  c i r c  l - t e d .  r e s u l t s .  A lso  an e q u a l  r e c o v e r y  w it h  l e s s  po,,re r  f o r  pum ping and l e s s  h e a t  i n  th e s t i l l s  i s  a c c o m p li  s h e d .The amount o '  o i l  c i r c u l a t e d  b e s i d e s  v a r y  w i t h  th e  p r e s s u r e ,  h e i g h t  or t h e  to w e r ,  and c o n d e n s a b le  c o n t e n t  r e c o v e r e d  from  th e  g a s ,  v a r i e s  a ls o  w ith th e  t e m p e r a t u r e  o f  th e  o i l  and g a s , and w i t h  th e  c h a r a c t e r i s t i c s  o f  the h v d r o c a r b o n s  r e c o v e r e d .  At th e  a b s o r p t i o n  p l a n t ,  th e  q u a n t i t y  o f  o i l  c i r c u ­l a t e d  was 4-0 w a l lo p s  per m in u te *



T h i s  ta n k%O il .  ACC— TL TO? TANKT h i s  ta n k  i s  som etim es c a l l e d  an " O i l  w e ath erin g .. .  t a n k , ” the o n l y  u n i t  o f  th e  s y s te m  where a s t o r a g e  o r  v a r i a t i o n  o f  c o n t e n t  i s  [lorahle or p o s s i b l e .  I t  t h e r e f o r e  t a k e s  c a r e  o f  tiny i r r e g u l a t l t i e s  i n  th e ju n t it y -o f  o i l  c i r c u l a t e d .T h i s  t a n k  a l s o  " w e a t h e r s "  th e  o i l ,  t h a t  i s ,  i t  r e l i e v e s  th e  o i l  ox, taken up d a r i n g  the a b s o r p t i o n .  T h is  g a s  can n o t  i n c r e a s e  th e  g a s o l i n ejeid and i s  t r o u b le s o m e  and d e t r i m e n t a l  i n  d i s t i l l i n g  and c o o l i n g .O r d i n a r i l y  from t h i s  ta n k  the o i l  i s  f o r c e d  th r o u g h  th e  h e a t^hangers to th e  s t i l l .  A t  th e  a b s o r p t i o n  p l a n t , h o w e v e r , th e  o i l  g o e s  th r o u g hone d e p h le g m a t o r  c o i l s  f i r s t .  These c o i l s  a r e  shown on the b l u e  p r i n t  ashe upoer s e t  o^ co^ I s  in  the s t i l l .  T hey a re  r e a l l y  h e - t i n g  c o i l s .  Fromhese c o i l s  th e  o i l  g o e s  th ro u g h  th e h e a t  e x c h a n g e r s .  I t  i s  .w e l l  to  b e e r  i nino t h a t  th e  h o t  o i l  s h o u ld  a lw a y s  f lo w  upwards to a v o id  g a s  p o c k e t s .HEAT EXCHANGER .........................  . .mv,e fu n c t 'i 'o n  o f  a ' T e a t  e x c h a n g e r  i s  to b e a t  th e  o i l  30i n e, ^  -hei l l  as much as p o s s i b l e  i n  o r d e r  to  sa v e  f u e l  arid to  c o o l  c o r r e  so one m g l y:e o u t g o i n g  o i l  i n  o rd e r  t o  save  c o o l i n g  s u r f a c e  and w a t e r .The re are  1 J-ypes o f  h e a t  e x c h a n g e r s  u se d  a t  th e  v a r i o u st o t .  u n d e r  c o n s i d e r a t i o n .  I t  seems t h a t  th e  c o n t r o l l i n g  f a c t o r s  o f  d e s i g ne f i r s t  c o s t ,  and t h e  c o s t  o f  u p k e e p .m>e n 0 3 t  s a t i s f a c t o r y  typ e  o f  h e a t  e x c h a n g e r  i s  th e  c o u n t e r  f lo woketed t y p e  made o f  r i p e  and s ta n d a r d  f i t t i n g s .  I n  p r a c t i c e  a r a d i a t i n g  ire- o f  0 .T 5  t o  0 . 3 ?  s q . f t .  i s  .a l lo w e d  f o r  e a c h  g a l l o n  p e r  h o u r  p a s s i n g  t h r uhe u n i t  on i t s  w ay t o  the s t i l l .
i n  or~d e r '" t o f̂ n su re t h a t  th e  o i l  g o i n g  i n t o  th e  s t i l l  w i l l  be as  h o tI! i s  p r - c t i c - h l e ,  w ithout a c t u a l  e v a p o r a t i o n  t a k i n g  p l a c e ,  i t  i s . h e n e o  i ni p r e h e a t e r . C o n s e q u e n t ly  th e  g a s o l i n e  c o n t a i n e d  i n  th e o i l  os i t  e n t e r s  the. . , i ! „ .  n f  c i r c u l a t i o n  o f  th e  o i l  s h o u ld  n o t’t i l l  i s  r a p i d l y  e v a p o r a t e d  ana t  -e time, ,  ^h„v,4-r. o-ro n o t us i nc a p r e h e a t e r ,e as g r e a t  as  a t  o t h e r  p l a n t s  « n ..t  a r e  nu .



- 20 -2 T IL Lmh e r e  a r e  two t y p e s  o f  s t i l l s  i n  g e n e r a l  u se  a t  p r e s e n t .  Ther i z o n t s l  or nan ty p e  and th e  v e r t i c a l  s t i l l .  The l e t t e r  ty p e  i s  u s e d  a t  6 a b s o r p t i o n  p l a n t .
e steam  from p e r f o r a t e d  p i n e s  c o m p l e t e s  t h e  s e p a r a t i o n  o f  th e  v o l a t i l e  h y d r o -  rfc o n s . The p r e s s u r e  i n  th e  s t i l l  i s  n e c e s s a r i l y  low  i n  o r d e r  t o  k e e p  th e  "Ljs f r  f u r e  o f  e v a p o r a t i o n  o f  r a s o  l i n e  w i t h i n  p r a c t i c a l  l i m i t s ,

e - l a t t e r ,  b o t h  as -vap or and as  f i n e l y  d i v i d e d  p a r t i c l e s  o f  l i q u i d .The c o n d e n s i n g ,  t h a t  i s ,  th e  c o d i n g  o f  th e  v a p o r s  i s  a c c o m p lis h e d  c o ? I s  e x p o s e d  to  w a te r  and a i r  i n  " L o u v e r ” t o w e r s .  An a r e a  o f  2 . ;  s q u a r e  st p e r  o -'-llon  p e r  h o u r  i s  c o n s i d e r e d  s u f f i c i e n t  f o r  e f f e c t i v e  c o o l i n g .  The pee a r e  made o f  s t a n d a r d  2 ” p i p s  m a t e r i a l s  and f i t t i n g s .

The tem perature i n  th e s t i l l  i s  from  210 d e g r e e s  F .  to  225 d e g r e e s  F ,  Bending on h e a t i n g  e f f e c t  o b t a i n e d  in  th e h e a t  e x c h a n g e r .  The o i l  m e e t in g

ses p r e s e n t  t h a t  were l i b e r a t e d  from  th e  o i l  b y  th e  h e d  and stea m  in  thei l l ;  u n d o u b t e d l y  t ve ”*e i s  a l s o  a  s m a l l  p o r t i o n  o f  t h e  a b s o r p t i o n  o i l  i t s e l f ;

-  ABSORBER Tv e r e  i s  c o n s i d e r a V l e

B y  v i r t u e  o f  th d s e  d e s i r a b l e  q u a l i t i e s  a premium i n  th e open m a r k e tin be o b t a i n e d .n
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*1 , dumber” 'used f o r  he- t i n g  h i g h  p r e s s u r e  g a s ---------- 1 ,S u m te r , u se d  -“or her t i n g  low p r e s s u r e  g a s ------------ 1 .0. r im e  ns io  ns
5. CQ-CPRESSORS

1 .  "  TVpe - - I n g e r s o l l - R a n d  ( i m p e r i a l )2 .  ITuniber u s e d - ,-------------- 1 1 .
1 , Fum be1" used, h a v i n g  2 L P C y l i n d e r s -----------------1 .lu m b e r  u s e d  h a v i n g  2 F . P . C y l i n d e r s ---------------- 4 ,JTamber u sed  h a v i n g  1 F  P & 1 L . P . - - ---------------6 .
4,  D im e n s io n s  o f  T-T P C y l i n d e r  s 3" x  l6 "D im e n s io n s  o f  L P C y l i n d e r s  l o "  x  l o M5, T e m p e r a tu r e  ( lo w )a I n t a k e  ( n o t  equip ped, f o r  m e a su re m e n t) b P i s c h a r g e  215 d e g .  -  ?30 deg E6, P r e s s u r e  ( lo w )a I n t a k e  6# p e r  s q . i n .  b . D i s c h a r g e  50 to  60,f p e r  s q . i n .7 ,  T e m p e ra tu re  ( h i g h )a I n l e t  220 d e g  .E  ( a p p r o x i m a t e l y )  b -D is c h a r g e  ?$0; d eg  E .

COOLTFG C O I L S  ( E n g in e  " a t e r )  mype v e r t i c a l  r e t u r n  h e a d e r sa L e n g t h ' o f  c o i l s ---------------- 20 1b D ia m e t e r  o f  c o i l s ------------ 2 i
AP.SCP.PT10F TOWERS 

. Type " v e r t i c a l  designed for  

. Fumber of  u n i t s ------------------ 23 .  D im e n s io n sa ‘" e i g h t ' s -------------50 ’b D i a m e t e r -------------4'4 . C a p a c i t y -------------- 5» ;0 0 ,0 0 0  cu5 . T e m p e r a tu r e  O i la i n . l o t  -  n 0 d e g . E .

3. P r e s s u r e  ( h i g h )  a  I n l e t  5 0 -6 0 #  s q . i n .  b D i s c h a r g e  ° 7 5  -  310# s q . i n .C, COOLIFO C O IL S  (Low p r e s s u r e  F a s )  ! ,  Ty-oe ^ r i a n m u l a r  h e a d e r s  . Fumber o f  c o i l s ----------------ec_ . .  - . . .  SC
1 ,  Type ^ r i a n v u l a r  h e a d e r s, Fumber o f  c o i l s --------------. L e n g t h  of  c o i l s --------------. L e n g t h  o f  c o i l s ---------------- ' o f e e t1: T e m p e ra tu re  and p r e s s u r e  m ea su re m e n ts  not ob^axna^ue



-2 2 -AFTTIR -  ABSORBER
' 1 TVoe -  v e r t i c a 1
9 P im e n s i  onsa P e i  gh t  - °0 ’P i a ^ e t e r  - 1 0 ”

! ( PTP.1P3
1 b o ld  o i l  puffins 1/4”a P i n e n s i o n s  9" x  5-b M a k e , Pr6 r t h i n g tonc ITurnber u s e d  - 3
2 TT0T o i l  p x p 5 -1 / 4a TH r i  c* ■’ y ^" Xb Make - ^ o r t ' -  ' n~ tonc "um ber u sed  - 2
3 P n v i  ne C i  r c u l a t i n g Pumpa P im e r a o n s  -  3"b 'Take -  C e n t r i f u g a lc "u m b e r u s e d  - 11IA S  EECrINES
1 ,  'Type -  P e s se ia e r  -2 , "um ber u sed -  113, P im e n s io n sa P o r e  -  1 4 - 1 / 2 ” b S t r o k e  -  20”• -CAT P T STTAUGER 1. f y p e  -  ’" u b u l a r2 Chamber u se d  -  2’ a r e . c i t y  -  no d a t a  s v i l a b l ePRPJBHA TER1. Tyne -  V e r t i c a l2. 'Tumber u sed -  12, Temper aikure o f  o i la E n t e r i n g  ( n o t  e q u ip p e d  f o r  m easurem ent) 

b L e a v i n g  ( n o t  e q u ip p e d  **or m easurem ent)• "T^LL1, T^oe -  ,re r t i c a l2, T i n e  ns io na H e i g h t  -  1?* a p p r o x i m a t e l yb P i a ^ e t e r  -  3* "3 ,  S a i l  on s o f  g a s o l i n e  e v a p o r a te d  joer cA  hours-K. AJCIP-"TTLATOr ^APPS 1 . P ip h  p r e s s u r ea P i m e n s i o n s  -  8* 0 ” x  30"2y Lo^r p r e s s u r e  a  number u 3 e d -2b P im e n s io n s  5 *0 " x  30” & 7 ’ 0 x  ^0L. C0';-pEUSER1. T - p e " P i p e  V e r t i c a l  r e t u r n  h e a d e r s2. 1Tumber o f  c o i l s  -  3 -3 . P r e s e n t  c a p a c i t y  3^00 g a l l o n s  per

- 36OO

h o u r s



if BOILERS
i ----1. ^ype - S c o t c h M a r in e
nl  ♦ Number o f  u n i t s  -  23. Number o f  u n i t  s u se d4. "’o i l e r -  rT. P . -  200The g a s  eg* t e r  B e in g  s t r i p p e d  o f  i t s  g a s o l i n e  c o n t e n t  e n t e r s  our fu el s y s t e m  as " d r y "  g a s .  A f t e r  a l l  our f u e l  n e e d s  a re  s a t i s f i e d  t h e  ex ce s s  ~as i s  s o l d  t o  a n aw Company, To g i v e  you an i d e a  o f  th e  amount of g a s  s o l d  By o u r  Company t o  th e  G as  Company, I  may s a y  t h a t  i t  s u p p l i e s  about one t h i r d  o f  th e  f u e l  n eed s o f  th e  C i t y  o f  L o s  A n g e l e s ," h e  C o s  Company h a s  a l a r g e  B o o s t i n g  P l a n t  i n  the f i e l d  w h ich  b o o s t s  a l l  th e  ~as to  4^0 l h s .  p r e s s u r e  per s q u a re  i n c h ,  which i s  s u f f i ­c i e n t l y  h i g h  t r a v e l  a d i s t a n c e  o f  127 m i l e  3 th ro u g h  a p ip e  l i n e  to  the C i t y  o '  L o s  A n g e l e s  w i t h o u t  f u r t h e r  B o o s t i n g .The G a s o l i n e  Company t h a t  t r e a t s  our g a s  c o n c e i v e d  th e  i d e a  t h a t  they can s t r i p  some more g a s o l i n e  from t h i s  d ry  g a s ,  and o b t a in e d  a  c o n ­t r a c t  fro m  th e C ?.3 Company t o  t ° k e  a n o th e r  " c r a c k "  a t  th e  g a s  B e f o r e  i t  l e a v e s  f o r  L o s  A n ~ e l e s .  '"he G a s  - Company g r a n t e d  s u ch  a c o n t r a c t  w it h  th e  u n d e r s t a n d i n g  t h a t  th e  e n t i r e  t r e a t m e n t  o f  th e  g a s  s h o u ld  n o t re d u c e  the i n i t i a l  p r e s s u r e  o f  th e  o ver 7 I B s ,  To f u l f i l l  t h i s  r e q u ir e m e n tthe "’- a s o l i n e  Company c o n s t r u c t e d  "The R e f r i g e r a t i o n  P l a n t " ."KT PEPRIG E R ' T IOIT PLA?TT G e n e r a l  B i s c u s s i o n  o f  the P r o c e s s  The R e f r i g e r a t i o n  p l a n t  ? s r a d i c a l l y  d i f f e r e n t  from the o th e r  g a s o l i n e  p l a n t s  i n  th e  f i e l d .  I t  i s  n e i t h e r  an a b s o r p t i o n  or c o m p r e s s io n  p l a n t .  Re " e r r  h -  to  th e  d r a w in g  i t  ■ '"ill Be seem t h a t  th e  gas e n t e r s  the p l a n t  a t  a p r e s s u r e  o '  4$Q I B s . ,  per s q . i n .  " h e r e  are  f o u r  v e r y  l o n g  s e t s  o "  c o o l i n g  c o i l s  i n  m u l t i p l e  w i t h  th e  i n l e t  m a in . T h e s e  c o i l s  a re  shown B roken on the d r a w in g  in  o rd e r  t o  c o n s e r v e  s p a c e ,  I -' shown i n  t h e i r  tr u e  l e n g t h ,  w h ich  i s  COO f e e t ,  t n-ey  would e x te n d  w e l l  p a s t  th e  m id d le  o f  the d r a w in v .  The was p a s s e s  t h r o u g h  t h e s e  c o i l s  where tne h e a t  o f  c o m p r e s s io n  i s  rem oved.. The c o m p r e s s io n  o f  gas  i s  done e n t i r e l y  B y  th e  Midway G a s  C o ,
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» tT \'n .s  no g a s  coyri'o r e 3 s o r s ,  Au the end o f  t h e s e  lo n gc o o lin r  c o i l s  t o e r e  i s  an a c c u m u la to r  t h a t  rem oves th e  c o n d e n s e d  v a p o r s  of w a t e r  and some g a s o l i n e .-He R e f r i g e r a t i o n  P l a n t  c o n s i s t s  o f  fo u r  i d e n t i c a l  u n i t s .  The b lu e  o r i n t  shows one c o m p le t e  u n i t ;  n a m e ly ,  U n i t  ""o u r . The warm g a s ,  r e l a t i v e l y  s n e a k i n g ,  p a s s e s  o u t  th e  top  o f  the a c c u m u la to r  and th e n c e  through, th e  i n s i d e  p ip e  o f  a h o r i z o n t a l  shaped c o o l e r  and e n t e r s  the tow er n e a r  the b o tto m . T h i3  to w e r i s  n o t  an a b s o r p t i o n  t o r e r  as  used i n  an a b s o r p t i o n  p l a n t ,  t h a t  i s ,  t h e r e  i s  no fro so l i n e  a b s o r b in g  medium u s e d .  F o r  con ve . l i ­enee th e w r i t e r  ^ i l l  c a l l  i t  "A K n o c k -O u t 'To w e r " .  The g a s  p a s s e s  i n t o  t h i s  t o ^ e r  n e ^ r  th e  b o tto m  and b lo w s  u p w a rd s . I t  e n c o u n t e r s  a v e r y  c o ld  c a lc iu m  c h l o r i d e  m i x t u r e  t h - t  d e s c e n d s .  T h i s  c a l c i u m  c h l o r i d e  h a s  a  g r e a t  a f f i n i t y  f o r  w a t e r  b u t  not ' o r  g a s o l i n e ,  c o n s e q u e n t l y ,  the w - t e r  i n  the gas  is  a b s o r b e d ,  '"he g a s o l i n e  i n  th e g a s  i s  k n o ck e d  out o r  p r e c i p i t a t e d  by th e  c o ld n e s s  o f  th e  c a l c i u m  c h l o r i d e ,  The c a l c i u m  c h l o r i d e  and w a t e r  form a s o l u t i o n  t v a t  i s  d r a m  o f f  i n t o  a c a l c i u m  c h l o r i d e  d e h y d r a t o r .The g a s o l i n e  b e i n g  l i g h t e r  t h a n  th e c a l c i u m  c h l o r i d e  s o l u t i o n  f l o a t s  or. t o p  0 *  i t ,  and i s  drawn o f f ,  as  i s  shown, t o  th e g a s o l i n e  s t o r a g e  t a n k s . The c o l d  s t r i p p e d  g^s p a s s e s  out th e  to p  o f  th e  tow er and e n t e r s  the o u t s i d e  s h e l l  o f  th e  h o r i z o n t a l  U shap ed  c o o l e r .  The c o l d  g a s  i n  i t s  p a s s a g e  t h r o u g h  t h i s  c o o l e r  c o o l s  th e  in c o m in g  warm g a s  t h e r e b y  r e d u c i n g  the amount o f  c o o l- in g  to  be done b y  th e  c a l c i u m  c h l o r i d e  in  the t o w e r s ,  Tne s a s  l e a v e s  t h i s  TJ  s h ap ed  c o o l e r  a t  a  p r e s s u r e  o f  443 l ^ s .  and g o e s  to  the Ch-.s Com pan y’ s P l a n t  n e a r  L o s  A n g e l e s  w i t h o u t  f u r t h e r  b o o s t i n g ,

'"TTE C a C l - 2  CIRCUITA f t e r  th e  c a l c i u m  c h l o r i d e  h a s  ab so rb ed  th e  v a .te r  j.rom th e  g a s  i n  the t o w e r ,  i t s  c o n c e n t r a t i o n  i s  r e d u c e d .  I n  o r d e r  t h v t  e f f i c i e n t  f r e e z i n g  o f  the C a C l - 2  ifray r e s u l t ,  th e  c o n c e n t r a t i o n  o f  the s o l u t i o n  h a s  to be m a i n t a in e d  at '"Vat i s  29# C a C l - 2  and 71# H? Q , T h i s ,  c o n c e n t r a t i o n  i s  m a i n t a in e d



- 2 5 -
A  <T\,t b y  f ir r r in c r  th e s t a t i o n  from  the tow er i n t o  c y l i n d r i c a l  ta n k  horn on t ^ e  b l u e  r r i n t  as  s d e h y d r a t o r .'’’h i s  d e h y d r a t o r  i s  an ooen c y l i n d r i c a l  t a n k  a p p r o x im a t e ly  5 ’ i n c i a -  ;eter  and 4 < i n  h e i g h t .  0 n th e  b o tto m  o f  t h i s  ta n k  t h e r e  i s  a  s e t  o ,  s t e  m coils* The h e a t  -from th e s e  c o i l s  e v a p o r a t e s  th e v fa te r  in  the C a C l- ? .  s o l u ­tion u n t i l  th e  c o r r e c t  c o n c e n t r a t i o n  h a s  b e e n r e a c h e d .  The s o l u t i o n  i s  th en  punned to  th e to w e r m a i n .  The f l o w  o f  th e  C a d - 2  s o l u t i o n  from  th e  tower to the d e h y d r a t o r  i s  not a  s t e a d y  or c o n t in u o u s  f l o w ,  b u t  i n t e r m i t t e n t ,'(’hat i s ,  i t  f l o w s  to  th e  d e h y d r a to r  o n l y  when th e  s o l u t i o n  h e s  t o  becomernore c o n ce n tra te d  by e v a p o r a t i n g  the w a t e r .,,Then the C a C l - 2  s o l u t i o n  i s  o f  th e  c o r r e c t  c o n c e n t r a t i o n  i t  i s  drawn 'rom th e  b o tto m  o f  the tow er to  a nump. "’h i s  pump f o r c e s  th e  s o l u t i o n  through th e  i n s i d e  n in e  o f  a v e r t i c a l  TJ sh ap ed  "Ammonia c o o l e r " .  The C ? .C l-°  s o l u t i o n  i s  c o o le d  and o a s s e s  from  t h i s  ammonia c o o l e r  to  th e top 0p th e  K n o c k -O u t  t o w e r ,  and d e s c e n d s  a b s o r b i n g  th e  w a te r  c o n t a i n e d  an the in co m in g  g a s  and p r e c i p i t a t i n g  the g a s o l i n e .  The C a C l - 2  s o l u t i o n  b e i n g  h e a v i e r  th a n  g a s o l i n e  s e t t l e s  to  th e  b o tto m  ?nd i s  a g a i n  drawn o f f  to  th epump th u s  c o m p l e t i n g  i t 3 c y c l e .’TIT-rB AICTOKIA C IR CU ITThe C a C i - 2  s o l u t i o n  i s  c o o l e d  b y  means o f  e x p a n d in g  l i o u i d  ammonia in tv e f o l i p w i n g  m an n er:g l n c e  t i *  ammonia m a te s  a  c l o s e d  or c o m p le te  c i r c u i t ,  I t  - i l l  be assumed t h a t  i t s  s t a r t i n g  p o i n t  is  a t  f e e  ammonia r e c e i v e r .  The l i q u i d  ammonia i s  exp an d ed  from the r e c e i v e r  t h r o u g h  a  n e e d l e  v a l v e  i n t o  th e  o u t e rs h e l l  o f  th e  "Ammonia f o o l e r " .  T h i s  e x p a n s i o n  c a u s e s  a g r e a t  drop m  te m p e ra -,  . . .  9 s o l u t i o n  - f lo w in g  th r o u g h  th e  in n e rt u r e ,  c o n s e q u e n t l y ,  c o o l i n g  th e  C a C l - 2  s o l u t i o n  n o  ^p ip e  o f  t v e "am m onia c o o l e r " . ■; f  v.pccmes a v a p o r  and t h i s  ammonia when l i q u i d  ammonia i s  expan ded i t  becomes, « ,  + vje +0p o f  th e  ammonia c o o l e r  b y  means o f  the caumvan n r i s  drawn o f  t r e  -op j j -e r e a l e  <5 b y  ammonia c o m p r e s s o r .  T h i .  ammonia v a p o r  i s  th e n  co m p ressedand d i s c h a r g e d  t h r o u g h  a s e t  o f  c o o l i n g  c o i l s .  T h e se  c o i l s  a b s o rb  th e  h e - t



compre s s i  0n andc a u g h t ty t he am:c y c  l e A* ** b r ie :*
1st. - g ’̂ e g a s  Pl-2nd - The C a d - ?3rd - ghe '■ n oniThe C a C l -
; th  e. water in th
1 " c o l d n e s s The

%L OW
■rl v o 4* :ing the. w a t e r  i n  the g a s o l i n e  and p r e c i p i t a t i n g  th e g a s o l i n e  by v i r t u e  o f

c o ld n e s s . T e c h n i c a l l y - .  th e  expanded l i q u i d  a m o n i a  a b s o r b s  th e  h e a t  c o n t a i n e d■vin the C a C l - 2  s o l u t i o n .
T T p r r jp ^ T T  PB ^T G B P.ATIOH P l .V:~T

A. COOLITTp COILSType -  t r i a n g u l a r  TJe a d e r s  gdame t e r  -  ? ”
Length - 300''Humber nOT' 3et - 
Humber of sets - 4P r e s s u r e  in  c o i l s ,  4-50$ per sq u a re  i n c h .D-  • COTPPBSSOR5 1, Humber U'-ed - 4- ? .  Hake -  Yorkl .  d im en sio n s a Pore - 12^3/4" b Stroke -  14”C, APS0PBI>T̂ _P0i^PPS -  or Knock-Out '"owers 1 , Humber used - 4~1 . "Pype _ V e r t i c a l3. D im ensions a H e i g h t  -  3 5 ’ b D iam eter -4*4 , .Absorbing medium - C a f l - STh GAS COOlPBSHurdber used 4- TJ  shaped nineS. C a C l-2  GOOLHRSlead - 4Double P ip e  IT shaped1 . Husabe r

nc- % Tyne -■ enrol b e s
1 . Humbe rr\4- » T3^ne -
1 . H . T1.
4 T> D T|fg. TTqed t

B e ssem e r
601°0pmmnnia co^ore;



2, VPIOITIA C00LI1TG C O IL S1. number o f  s e t s  -  42. Type - P i p e  ,Te r t i3. vumb^r o f  p i n e s  perV. p’Tv-og ( J  ' CK"1”7' T  ".TER)1. "umb e r u s e d  -  4'■ >, T'yr>e -  Cameronv  ‘D ia m e t e r  -  d i s c h a r g e  1 -1 / 4 "I PUHEPS - ( CIECTTI  V?I ^OYE?. H-20 )
1 . Yumbier us e d -  5
2 , rT'-,roe -  Cameron
3* P i p ^ p t e r  o^ d i s c h a r g e  -  4"

j . attvi l i  *p.y  n p i r n
1 ,  lu m b e r  u s e d - -  1
2 .  Type -  B e ssem e r
2 .  Tro r s e  Power -60K . PET/PEATOR
1 ,  ^umfeer u sed  -  1? .  Type -  C y l i n d r i c a l  open ta n k
3 ,  "D im ensionsa  TTe i g v t  -  5 ’ b P i a m e t e r  -  4 ’L .  -TOR Ac E m.VTV~S
1 , . YumFe'r u se d  -  3o t r,a o a cit '> r -  4 0r'2 g a l l o n s  p e r  ta n k

rn^e C a u s e s  f o r  P r e s s u r e  f l u c t u a t i o n s  T h e re  - r e  a  number o f  p r o b le m s  t h a t  our g a s  d e p a r tm e n t had t o  s o l v e  from  time to  tim e and q u i t e  o f t e n  we h a d  v e r y  l i t t l e  i n f o r m a t i o n  to  b e g i n  with. ,rre fca-e t o  r e a s o n  o u t th e  c a u s e s  f o r  th e  d i f f i c u l t i e s ,  ^ e n  n y  to s o l v e  th e p r o b le m s  on th e  b a s i s  o f  t h e s e  s u p p o s i t i o n s  and .judge the c o r r e c t n e s s  o f  o u r  f l e f u c t i o n s  b y  the r e s u l t s  o b t a i n e d .  I  w i l l  n o t  a t t e s t  to  p r e s e n t  - a n y  o f  th e s e  p ro b le m s i n  t h i s  t h e s i s ,  b u t  I  w i l l  d i s c u s s  afew  o f  th e m .One o f  th e  p r o b le m s  was e n t i t l e d  "The C a u s e s  f o r  th e  P r e s s u r ef lu c tu a t io n s  i n  th e  ^ e t  O as System  d u r i n g  th e  24 h o u r s . "mhe m a in  a r t e r y  o f  our wet g a s  s y s te m  is a l 6 p i ? e l i n e .  -Y>.e p r e s s u r e  i n  t h a t  l i n e  m ust n o t a t  any p o i n t  e x ce e d  3 I t s .  and s h o u ld  o r e -  f e r a b l y  be 0# , or a tm o sp h e re  p r e s s u r e ,  s i n c e  i t  i s  th e  b e s t  p r e s s u r e  to o b t a i n  the g a s o l i n e  e n r ic h m e n t  o f  th e  g a s  w i t h o u t  h u r t i n g  th e  w e l l  orThe l 6" l i n e  e x t e n d s  f o r  a b o u t f o u rl e ^ e n i n v  the r i c h n e s s  o f  th e  o i l .



jr tle s  and a number of s u b s i d i a r y  l i n e s  r B i lg in g  from 12" down t o  4”l i n e s  "'i  th i n d i v i d u a l  3" l i n e s  l e a d i n g  to ea ch  w e l l .  Th ere are  e i g h t  crs.soline p l a n t s  l o c a t e d  a t  c o n v e n ie n t  p l a c e s  a lo n g  th e l 6" l i n e  t h a t  fe e d, rr t h i s  l i n e ,  and the c a p a c i t y  o f  e a ch  p l a n t  and i t s  o p e r a t i o n  h a s  to  besuch as  t o  a s s u r e  a s  c l o s e l y  as p o s s i b l e  th e most d e s i r a b l e  p r e s s u r e  a t  each w e l l ,’’’he o p e r a t i o n  o f  p l a n t s  t o  m eet su ch  c o n d i t i o n s  i s  no s im p le  m a t t e r !  f o r  t v oy h a v e  to p ie  one more th a n  400 w e l l s ,  s number o f  w h ic h  are c a p r i c i o u s  a t  t i m e s ,  i . e . , som etim es " h e a d i n g "  v e r y  h e a v i l y  and a t  o th e r  tim e3 " d y i n g  down" p r a c t i c a l l y  to  n o t h i n g ,  nor do the w e l l s  g u a r a n t e e  us to a c t  t h e  r,ame way e v e r y  d a y ,  f o r  our c a r e f u l l y  m e t e r e d  24 h o u r s  t e s t s  c o n v in c e d  u s  t h a t  e a c h  w e l l  r e s e r v e s  th e  r i g h t  to ch a n g e  i t s  s c h e d u le  w it h o u t  n o t i c e ,  f o r t u n a t e l y ,  th e  w e l l s  h ave a p p a r e n t l y  no s e c r e t  a l l i a n c e  and do n o t  act- a l i k e  a t  the same tim e and q u i t e  o f t e n  th e p e r i o d s  o f  "h e a d s "  or gome w e l l s  a r e  b a l a n c e d  b y  " q u i e t "  p e r i o d s  o f  o t h e r  w e l l s  w h ich  te n d s  to  m a i n t a i n  a  c o n s t a n t  s u p p ly  o f  g a s  f o r  th e  p l a n  -a, '■’. i s  i  e m in e n t ^1 °***the c o n t i n u o u s  c h a r t  r e c o r d s  that- a re  ke p t ~t a l l  r i a n t s .A f t e r  c o n s i d e r a b l e  m a n i p u l a t i o n s  a t  the p l a n t s  we h ave f i n a l l y  a r r i v e d  a t  c o n d i t i o n s  w h ic h  p ro d u c e d  th e  m ost d e s i r a b l e  p r e s r n r s s  a l o n g  the e n t i r e  syste m  and w i t h  th e  e x c e p t i o n  o f  m in o r  a d j u s t m e n t s ,  a l l  was v e i l  f o r  s e v e r a l  m o n t h s .T u r i n g  th e  summer m on ths we were c o n f r o n t e d  w i t h  d i f f i c u l t i e s  once m o re , f o r  we d i s c o v e r e d  a  t h r e e  pound i n c r e a s e  in  p r e s s u r e  a n  a±ong tn e  sy s te m  d u r i n g  th e  d a y ,  w h i l e  n o rm al c o n d i t i o n s  p r e v a i l e d  a.t n i g h t .  The ran g e  o f  a l l o w a b l e  p r e s s u r e  i n  th e  l 6" l i n e  b e i n g  v e r y  e m a i l ,  0# to  3# gau ge pressure, a  s u b s t a n t i a l  p o r t i o n  o f  «he g a s  was p o p p in g  o f f  d u r in g  the d a y  t im e  on a c c o u n t  o f  h a v i n g  e x c e e d e d  3’f p r e s s u r e .  I t  - a s  n e c e s s a r y  i o r  u s  to  d i s c o v e r  th e  c a u s e  o r  c a u s e s  f o r  th e  i n c r e a s e  i n  pressure i n  o r d e r  to  be a b l e  to  c o n s e r v e  a l l  th e  g a s  d u r i n g  th e 24 n o u r s .



#  0 >e g e n e r a l  c a u s e s  f o r  th e  i n c r e a s e  i n  th e g a s-2 9 -
l i n e p re s s u r e , n a m e ly :1 . I n c r e a s e i n  te m p e r a tu r e  d u r in g  th e  d a y .pc~ • I n c r e a s e i n  g - s  p r o d u c t i o n  d u r i n g  th e  d a y .0 B e c r e a s e i n  p l a n t  c a p a c i t i e s  d u r i n g  th e C o y ,Our ~og d e p a r tm e n t "began t c  e x p e r im e n t  i n  o r d e r  to f i n d  th e  tr u e  c^ u se or  c a u s e s  f o r  t h i s  i n c r e a s e .  The f o l l o w i n g  a p p a r a t u s  was u s e d :One B r i s t o l  R e c o r d  i n g  " a u g e , i n  c o n n e c t i o n  w i t h  a 2” o r i f i c e  m e te r  w ith  l / 4 ” t o  1-1-/A" r a n g e  i n  o r i f i c e s .  -One S c h a e f f e r  & B u dden b urg  Columbia- R e c o r d i n g  Oauge i n s t r u m e n t ,  c o m p a r a t i v e l y  s e n s i t i v e  and used m a i n l y  in  c o n n e c t i o n  w i t h  a 3" o r i f i c e  r  .• cer w ith  3>/4" -  2" r a n g e  i n  o r i f i c e s ,  a l s o  w i t h  c la m p e d -o n  ^ i t o t  t u b e ,  where s u ch  a rra n g e m e n t was a d v i s a b l e ;m^treme c a r e  w-’ s u s e d  i n  c h e c k i n g  m ea su rem en ts  a t  e a c h  w e l l *  O r i f i c e  m e t e r  p r e s s u r e s  we re c h e c k e d  "by means o f  a w a te r  or m e rcu ry  manometer c o n n e c t e d  in t o  th e  g au ge l i n e .  P i t o t  m ea su rem en ts  were c n e c k e d  b y  m eans o f  s  s ta n d a r d  P i t o t  tube w it h  m an o m e te r .4 B r i s t o l  R e c o r d i n g  Thermometer r e g i s t e r e d  th e  t e m p e r a tu r e  over th e 24 h o u rs- .  The s e a s o n  f o r  th e  t e s t s  was J u l y  2 1 s t  to A u g u st  2 6 t h ,  th e  t y p i c a l  p e r i o d  f o r  thw h o t  w e a t i e r  C o n d i t i o n s ,mug g e n e r a l  p r o c e d u r e  was a s  f o l l o w s : -  P a c v c n a r t  ”' ° s  rem oved , y t e r  a  ~4 h o u r  p e r i o d ,  th e  g r a p h  w^s i n s p e c t e d  and a m ethod o f  g r o u p in g  th e  h e - d s  d e t e r m in e d  u p o n . I n  th e  c a s e  o f  a s t e a d y  l o w i n g  w e l l  t h i s  was n c t  n e c e s s a r y .  'The f l o w s  a s  r e c o r d e d  d u r i n g  tw e lv e  h o u r s  o f  day and t w e lv e  h o u r s  o f  n i g h t ,  were f i g u r e d  as  c u b i c  f e e t  s e p a r a t e l y ,  C o r r e c t e d  to  <0° P  "n'3 " e e c i f i c  G r a v i t y  as  d e t e r m in e d ,  and added t o g e t r .e r  to  o b t a in  th e  t o t ° 1  ~4 h o u r s  ' l o w .  P r a c t i c - l l y  i n  a l l  c a s e s  the ’" e l l s  showed oni.Yi c T r? p 36 o f  c5 R3r f  1 ow over i. r* f 1 o ' *C a l e u l a t i  on o f  * .c t u a l  Volume o f  G " S  H a n d le d  ° t  P -ia n t ^ t h  th e  a id  o '  B r i s t o l  R e c o r d i n g  Th erm om eter, te m p e r a t u r e s  werer e a d  a t  e q u a l  i n t e r v a l s  o^ t i m e .
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TSbPP • Iir i . AT i 6" INTAKE LINE

r \

PAY TFMRSRATURE ITICHT TEMPER A TUBE
7 :3 0 10:^0 1:30 4:30 ; 7 :30 10:30 :30 4:30PAT'S AM AM PM PM ; pi; PM AM AM7/21 91 106 119 121 : 93 79 73 77

7/22 92 109 117 121 : 91 78 74 76

7/23 92 110 114 120 ; 92 78 73 77

?/°4 90 107 117 121 : 94 77 72 76

7/2 5 92 110 116 121 : 92 78 71 75

7/26 9.0 _ - 111 _ 117 ... 121 51 79 70 74

Average 9 i 109 117 121 92 73 72 76

x>ay Average -  110° 77• Ni ght Average - 80° F .
C h a r le s  1 aw s t a t e s  th a t i  f  vo iume 0 f gas rem ains con' ■ tent thei n e t e h s e  i n  te m p era  t u - e  cav’ s e s  an  i n c r e a s e  i n  p r e s s u r e  or T a P whereTX P xT =■ 570° F .  -  T e m p e ra tu re  d u r i n g  th e  day -  a b s o l u t eTi 5^0° F .  " " n i g h t  -  "p ? P r e s s u r e  d u r i n g  the da y -  a b s o l u t e  i n  l b s .  p e r  s q . i n .P^ 1 7 . 7# ” " n i g h t  -  ” " "Atmo sph e r e  1 4 .7 #T h e r e f o r e ,  P = x  1 7 . 7  - 1 8 .7 #  p r e s s u r e  a b s o l u t e  or4 ,0 ^  gau ge p r e s s u r eT h i s  shows t h a t  th e  i n c r e a s e  i n  the te m p e r a tu r e  c a u s e d  o n l y  1 .0 #  i r - c r e ^ e  i n  g a u g e  p r e s s u r e .  The n e x t s t e p  was to d e t e r m in e  w h eth er th e r e  tto? r-n a c t u a l  i n c r e a s e  i n  th e  g a s  p r o d .u c t io n  d u r i n g  the ca.3r.The a c t u a l  m e a su re m e n ts  - t  atm o sp h e re  p r e s s u r e  o f  th e  amount o f  g a s  produced d u r i n g  th e  dry’-, a v e r a g e  te m p e r a tu r e  110°  F . was 3 ,3 6 7 ,2 5 0  c u . f t .  r h i l e  d u r i n g  an e o u a .l  p e r i o d  o f  time at n i g h t ,  a v e r a g e  te m p e r a t u r e  30° F .«rjd a t  a tm o s p h e re  p r e s s u r e  th e  p r o d u c t i o n  was 7 ,8 3 6 ,3 5 0  c u . f t , ,  r e d u c i n g  both v a l u e s  to  th e  s ta n d a r d  t e m p e r a t u r e ,  i  . e .  6 0 °  F .  we g e t .



-3 1 - r \Tn ~ 5 ? 0 o E .  or a b s o l u t e  te m p e r a tu r e  s t a n d a r d
■ 0 1 .  ' h

0T 5 *0 °  F .570° f . a t  n i g h t  d u r in g  dayV volume o f  g a s  at  s t a n d a r d  t e m p e r a tu r eT.% 7 , 8 3 6 ,35 0  c u . f t .  o f  g a s  d e l i v e r e d  a t  n i g h tV j  3 , 367 , 2^0 c u . f t ,  o f  g a s  d e l i v e r e d  c u r i n g  d a y

* Tri Tn -  7 ,3 3 6 ,  350 x  520 -  7 ,5 4 0 ,0 0 0  c u . f t .0 ----------T 4 -0-------------
v 0 Tn -  8 , 367,250 x  520 -  7 , 630,000 C . f t .

— * -------  520i  OsiT h i s  s> u s  ■t h a t  t h e r e  wss n o t an a p p r e c i a b l e  i n c r e a s e  i n  p r o d u c t i o n  d u r in g  th e  d a y  t o  c a u se  an i n c r e a s e  i n  p r e s s u r e ,  t h e r e f o r e ,  the o n ly  t h i n g  th a t  c o u l d  c ause th e  i n c r e a s e  in  the u n a c c o u n te d  2# p r e s s u r e  was th e  d e c r e a s e  i n  th e p l a n t  c a p a c i t i e s  d u r i n g  t h e . d a y .  On f u r t h e r  i n v e s t i g a t i o n  i t  w °s  r e v e a l e d  t h a t  m ost o f  th e  r e p a i r  work on the e n g i n e s  and co m p re s s o rs  r a ?  done d u r i n g  th e d a y  f o r  i t  i s  t v e m ost c o n v e n i e n t  t i m e ,  h o w e v e r , s i n c e  the p l a n t  d id  n o t  h ave * n y  e m e rg e n c y  u n i t s  to r e p l a c e  the ones t h a t  were veinr* r e p a i r e d  th e  c a p a c i t y  c f  th e  p l a n t s  was n a t u r a l l y  r e d u c e d  d u r in g  the day t i m e .As th e  r ' s u i t  0'  t h i s  e x p e r im e n t  s e v e r a l  a d d i t i o n a l  u n i t s  were • i n s t a l l e d  i n  o r d e r  to  be a b l e  to  c o n s e r v e  a l l  th e  g a s  at  a l l  t i m e s .T'^e E f f e c t  o f  Vacuum noon G~s anc O i lA n o th e r  I n t e r e s t i n g  and im p o r t a n t  p r o b le m  t h a t  we were c a l l e d  upon to s o l v e  was* "The " E f f e c t  o f  Vacuum upon G a s  and O i l " .  U nder th e  p r e s e n t  c o n d i t i o n  we do n o t p e rm it  any vacuum from  e x t e n d i n g  i n t o  th e  tr a p  where i t  w i l l  h a v e  e f f e c t  upon the o i l .  The management o f  th e  g a s o l i n e  p l a n t s  a d v o c a te d  the e x t e n s i o n  o f  th e  vacuum to  th e  t r a p s ,  c l a i m i n g  t h a t  i t  ■ '..'ill cau se  th e  e n r ic h m e n t  i n  g a s o l i n e  c o n t e n t  o f  the g a s ,  i n c r e a s e  th e  g a s  and o i l  p r o d u c t i o n  o f  th e  w e l l s , '  and the g r a v i t y  Eaume o f  the o i l  w i l l  n o t be a f f e c t e d  s i n c e  th e  e n r ic h m e n t  o f  the g a s  w o u ld  come from the g a s o l i n e
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vap ors  g i v e n  o f l  b th e  o i l ,  w h ich  were to o  v o l a t i l e  to  be p r e s e r v e d  by the o i l .Tn t h e o r y  th e o r o p o s i t i o n  sounded l o g i c a l ,  b u t  th e  g a s  d e p a rtm e n t p r e fe r r e d ,  to  t e s t  th e  t h e o r y  out b e f o r e  i t  would recommend i t s  a c c e p t a n c e  or r e j e c t i o n .To ber*in  ’'ri t h ,  the ch a n ge i n  our p r e s e n t  m ethod or i n  o t h e r  w o rd s , in o r d e r  to  a l l o w  the vacuum to  be e x te n d e d  to  th e t r a p s ,  would r e q u i r e  c o n s i d e r a b l e  m o d i f i c a t i o n  i n  th e  d e s i g n s  o f  th e  o r e s e n t  t r a p s  and a number o f  p r e s e n t  t r a p s  w o u ld  have had to be d i s c a r d ' d  e n t i r e l y  and new ones r e p l a c e d ,  '" h is  ch a n ge in  eq u ip m e n t would i n v o l v e  an e x p e n d i t u r e  to  our Company o f  a b o u t * 1 0 0 ,0 0 0 .0 0 ,  and i t  w a s , t h e r e f o r e , e s s e n t i a l  f o r  us to be c o n v i n c e d  t h a t  th e  i n c r e a s e  i n  th e g a s o l i n e  p r o d u c t i o n  w ou ld  j u s t i ­f y  s u c h  an e x p e n d it u r e * .  I  w ro te  f r *  * r  f o r m a t i o n  to  s e v e r a l  p r o f e s s o r s  o f  P e t r o le u m  E n g i n e e r i n g ,  as  w e l l  w  to th e  TJ . S . B u r e a u  o f  I f  i n  e s. and a l l  the r e n l i e s  i n d i c a t e d  t h a t  v e r y  l i t t l e  i n f o r m a t i o n  was a v a i l a b l e  on th e  oroblem  end t h e ' o n l y  - ^ l i a b l e  way to  s o l v e  our p ro b le m  was t o  p e rfo rm  f i e l d  e x p e r i ­m ents i n  th e  r e g i o n  whe’re  i t  was in te n d e d  t o  be u s e d .  W it h o u t  much d e l a y  our gas d e p a r t m e n t  b e g a n  t>e e x p e r i m e n t s .•^TELT- IE~"~IA I L G I T

A 15" v acuum T rap was i n s t a l l e d  a t  W e l l  #1 ( S e e  P l a t e  IT o .l  f o r  d e t s . i l  d ra w in g  o f  t r a p )  The c r u d e  o i l  co m in g  from  th e w e l l  d i s c h a r g e d  th r o u g h  the t r a n  d i r e c t l y  i n t o  th e f lo w  t a n k ,  w i t h o u t  p a s s i n g  th r o u g h  a f l o w  or sand t r o u g h .  mh e  o i l  p r o d u c t i o n  was gauged a t  th e  f l o w  t a n k s  f o r  e a c h  24 h o u r s  o f  t^ e  t e s t ,A r e c o r d i n g  vacuum and p r e s s u r e  gau ge and a r e c o r d i n g  therm om eter wore i n s t a l l e d  i n  th e t r a p  above the o i l  l e v e l  and 24 h o u r s  r e c o r d s  of p r e s s u r e  and te m n e n a tu r e s  were k e p t  th r o u g h o u t  th e  t e s t .  A. 1/4 i n c h  r ip -o le  °nd v a l v e  w ere i n s e r t e d  i n  th e  b o tto m  o f  th e  o i l  d i s c h a r g e  o f  th e  t r a p  and *11 o i l  s a m p le s  -” e r £  t a k e n  a t  t h i s  p o i n t .



R IE LR  'FORKThe t r a p  was sh u t o f ?  f r o r  the g a t h e r i n g  l i n e  and the g a s  was r.llowed, to b lo w  o p ° n  to  th e  atm osp h ere f o r  two d a y s  p r i o r  to  th e  s t a r t  o f th e  t ^ s t ,  The c a s i n g  Vv  <* r e s  was m easu red and fou n d  to  h a v e  a volume of 91»000 c u . f t .  p e r  h o u r s  end an a v e r a g e  g a s o l i n e  c o n t e n t  o f  2.17 g a l l o n s ,  p e r  1000 c u . f t ,  A cru d e  sample was th e n  '•vken at a t m o s p h e r ic  p r e s s u r e  a t  t h e  t r a p  end ta k e n  to  the l a b o r a t o r y  f o r  d i s t i l l a t i o n .  T h is  r a s  th e  i n i t i a l  o r  f r e s h  c ru d e  sam ple and was u n a f f e c t e d  b y  vacuum or ore s s u r e  ^ r  cm t v*e ge t h e r  i  ng 1 i n e .The g a s  was then tu rn e d  i n t o  th e w i t h e r i n g  l i n e  th r o u g h  the tr a p  end c r u d e  s a m p le s  were t a k e n  d a i l y  and s e n t  to th e l a b o r a t o r y .  I ' a i l y  r e d o r d s  o f  th e  t e m p e r a t u r e  and vacuum i n  th e  t r a p  and d a i l y  p r o d u c t i o n  r e c o r d s  were a l s o  k e p t ,
A. f i v e  g a l l o n  g a l v a n i z e d  i r o n  sample can d e s ig n e d  to  f i l l  from th e  b ottom  was c o n n e c t e d  to  th e  v a l v e  i n  the o i l  d i s c h a r g e  o f  the t r a p  by means 0^ 9/ 4” r u b b e r  h o s e ,  '"he v a l v e  was th en  o p e n e d , th e  c a n  f i l l e d ,  s e a le d  i m m e d i a t e l y  upon f i l l i n g ,  and 3e n t  to th e  l a b o r a t o r y .  T h is  method e l i m i n a t e d  a l l  l o s s  from  p o u r in g  or o v e r - s h o t  f i l l i n g ,

IABQR A TORY ~T)P-KThe g r a v i t y  (Saum e) volum e l o s s e s  o f  e a c h  sam ple were d e te rm in e d  in  th e  l a b o r a t o r y .
’T'R'̂ R'"’ll V"TC1T 07 "RA'TETY LOSSThe i n i t i a l  sa m p le s  o f  f r e s h  o i l ,  sam ple I T o . l ,  as b r o u g h t  from  th e f i e l d t ~r.n c h i l l e d  untr 1 th e  t e m p e r a tu r e  o f  th e  o i l  was 60 d e g . F a h r e n h e i t ,A p o r t i o n  0^ th e  c a m p le ,  s l i g h t l y  i n  e x c e s s  o f  1000. c c was p l a c e d  i n  a s e p a r a t o r y  f u n n e l  and a l lo w e d  to  s ta n d  u n t  '1 m o st o f  the f r e e  w a te r  i n  the o i l  h---d s e t t l e d  0 t .  T h i s  W ater was then drawn o f f .  The o i l ,  s t i l l  i n  e x ­c e s s  o f  1000 c c ,  was poured i n t o  a  g r a d u a t e d  ^ i a s s  c y l i n d e r ,  where i t s  ? r r v i t y  °nd te m p e r a t u r e  were m e a s u r e d . The g r a v i t y  was m e a su re d  w i t h  a



one t e r ,  g r a d u a t e d  in  t e n t :  s o f  a d e g r e e .  The te m p e ra tu re  r a s  m easu red  w i t h  a c o r r e c t e d  T y c o s  Thermometer g r a d u a t e d  for e a c h  d e g r e e ,  T h ese  r e a d i n g s  were t v en c o r r e c t e d ,  u s i n g  th e  t a b l e s  in th e  '’’ a g l i b u e  M a n u a l ,  to o b t a i n  the tr u e  gravity o f  th e  o i l  a t  60° F ,The g r a v i t y  o f  th e  f r e s h  o i l ,  Sample I T o .l  was fc u n d  to  be 2 6 .2  deg B e ’ at " 0 °  T' .The g r a v i t y  or  e a c h  sample as  i t  came from  th e  f i e l d  was m easured in th e above m a n n e r , and i t s  g r a v i t y  l o s s  was d e te rm in e d  b y  s u b t r a c t i n g  i t s  c o r r e c t e d  g r a v i t y  'r tr a  °6>2 d e g .  B e , ,  i , e .  th e  g r a v i t y  o f  th e  i n i t i a l  s a m p le .T-~ST3R’ *I N ATT 'hi 0^ L033The method used b y  Mr . J .H . ' I T i g g i n s  i n  B u l l e t i n  200 E ureayl o f  M i n e s ,  fo r  th e d e t e r n i n  t i o n  o f  iroiume l o s s  from d i s t i l l a t i o n  d a t a ,  was u sed  i n  th e se  e x p e r i m e n t s ,f I  S T IL L  WI orA f t e r  th e  g r a v i t y  o f  th e  sam ple had be^i t a k e n ,  1000 c , c .  of the o i l  '"■ ere a c c u r a t e l y  m easu red i n  th e  g r a d u a t e d  g l a s s  c y l i n d e r  and poured in t o  a c o r n e r  t o u r i n g  :" la s k  o f  a b o u t  3^00  c , c .  c a p a c i t y .  The v a p o r - t a k e ­out o f  t h e  f l a s k  was c o n n e c t e d  to  a 3®M l i e b i g  c o n d e n s e r  s e t  a t  an a n g le  o f  75  d e r r ^ e g  t o  th e  v e r t i c a l .  He a t  was at) d i e d ,  to  th e b o tto m  a id  s i d e s  o f  t h e  c o p p e r  f l a s k  u n t i l  the o i l  b o i l e d ,  c a r e  b e i n g  ta k e n  n o t to  h e a t  the f l a s k  to o  s t r o n g l y  w h i l e  th e  w a t e r  was co m in g  o v e r .  The v a p o r s  p a s s e d  up­ward th r o u g h  th e  n e c k  o f  th e  f l a s k  to  th e v a p o r —t a k e - o u t .  The o u lb  o f  a n i t r o g e n  “’i l i e d  th erm o m eter was p l a c e d  i n  the n eck  o f  th e  f l a s k  o p p o s i t e  the t d e - o u t , end th e  t e n n e r  d u r e  r e a d  a t  e a c h  c u t .  The v a p o r s  c o n t i n u i n g ,  p a ss e d  downward t h r o u g h  t ve c o n d e n s e r ,  and th e  r e s u l t i n g  l i q u i d  was c a u g h t  in  a  g l a s s  g r a d u a t e  s u rro u n d e d  b y i c e  and i c e  w a t e r . D i s t i l l a t i o n  was made d  th e  r a t e  o f  5" c . c ,  c a r  m i n u t e .  T e m p e r a tu r e s  were rea d  a t  e a c h  p e r c e n t  c’ i s t i l l e d  up t o  p e r c e n t ,  and from  th e n  on f o r  e a c h  f i v e  p e r c e n t  d i s ­t i l l e d  u n t i l  th e  te m p e r a t u r e  o f  $1P. d e g r e e s  was r e a c h e d ,  when the sample

_3<!U

ras topeed



The t o p s  were t h e n  r e d i s t i l l e d  i n  a s h o r t  necked g l a s s  f l ^ s k  
0r  1000 c . c ,  c a p a c i t y  c o n n e c te d  to  a 12 i n c h  Hemple f r a c t i o n a t i n g  ''column f i l l e d  - i t h  8 i n c h e s  o f  g l a s s  h e a d s .  The van o r - t a k e - o u t  o f  th e  Bern p i  e co lu m n  w as c o n n e c t e d  to  th e  L i e b i g  c o n d e n s e r .  G r a v i t y  c u t s  - e r e  raaee a s  r o l l e r s :  G a s o l i n e  E e l ,  P i s t i l l a t e ,  42° B e ’ , K e r o s e n e ,
^ 0  B e i .  The volum e o f  the b o tto m s  was th en  m easured and th e  E ^ - i t yl i t e r  .  " h e  r e s i d u e  i n  th e co p p e r f l a s h  m ea su red  b y  s - e ir h t  and i t s, i r  f'-ip c*nvflY}T,0 d e te r m in e dg r a v i t y  t a k e n .  The p e r c e n t a g e  of watef- m  t i e  ..cmpxe. .  ny. d i s t i l l a t i o n  l o s s  was d e te rm in e dd u r i n g  th e t o p n i n r  d i s t i l l a t i o n .  The c i s x i i i c .. „.r r-eQfi' in e  k e r o s e n e ,  d i s t i l l a t e ,  b o t t o m s ,b y  a d d i n g  up th e  p e r c e n t a g e s  o f  g a s o l i n e ,and w a t e r ,  s u b t r a c t i n g  the sum - o m  XOOSf.TV i s  i n i t i a l  sample was ta h e n  a t  n t m o l p h e r ic  pressure and was c o n s i d e r e d  b a s i c  and a l l  o t h e r  subsequent sa m p le s  -ere t a l e r .  >-nd.r l w  vacuum s and the Percentage o f  s a l i n e ,  d i s t i l l a t e ,  e t c . ,  - e r e   ̂d e t e r m in e d  b y  d i s t i n c t i o n  a s  before and th e  r e s u lts  com pared w ith, t h a t

O f  th e  b a s i c  s a m p le . l f o j  f n d i s t i l l a t i o n  d a t a  i n  o rd e r  C e r t a i n  e j e c t i o n s  w ere a p o lie d .  uO d i - . v i .  ..to  d e t e r m in e  th e  t r u e  volum e l o s s  and th e  r e s u l t s  o f  th e  d i s t i l l a t i o n s  - e r e. v a n „ o a and the t e m p e r a t u r e s ,  mp l o t t e d  w it h  p e r  c e n t  d i s t m e d  a s  . - - “ »•- » ._  , , i  „ *  „s - ic h  t h e  c u t s  came o v e r ,  a s  o r c in o . e s ,  , i .d e g r e e s  F a h r e n h e i t ,  * .  » r e g a r d e dT̂r e s e n t  th e  P ro b le m  i s  s t i l l  i n  the e x p e r i m e n t !  s ta g e  -c o n f i d e n t i a l , h o w e v e r ,  c e r t a i n  r e s u l t s  may be g iv e n  h e r e .TOSS r $  o.t>&y rT Y'  t e s t ,  un de r  an a v e r a g e  vacuum  o f  6 . 2 "”  Mne ' '  " . f r M  2 d e c r e e s  Baume- to  2 5 . 5  « • » • • •o f  mercury, the crude o i l  c r o p n e c  ° . +_r n-r C 7 d e c r e e s  Baume 1 .B a u m e' m e  t h u s  s u - e r e d  a  l o s s  m  g r a v i t y  o f  0 .7  -ACTUAL ^OLTME LOSS _,  a +n be ~i 17 o er c e n t  or an e q u i v a l e n t  o r , e volu m e l o s s  was f o u n t  to he j . x /  Pn or c r u d e  U 1  t h i s  l o s s  was s u f f e r e d  b y  th e  g s s o -  1 .3 3  g a l l o n s  per b a r r e l  o f  • d i s t l l i a t e .  h e r o s e n e ,u „  s e c t i o n  o f  th e  c r u d e ,  a s  th e  p e r c e n t a g e  o f  o i e t i n a



o t t o n s , r e s i d u e  end t e r  rem ain ed  o r a c t i c  a l l y  the same th r o u g h  th e  t e s t .!o i t  h a s  "been assumed t h a t  th e 3*17 p e r c e n t  volume l o s s  r e p r e s e n t s  a  l o s s  |r 1 . 3 3  - a l l o ' n s  o -r v a s o l i n e  per "b a r r e l  o f  c r u d e ,ACTTT.4L ThAL TTP LG "TI n  d e t e r m i n i n g  th e iasss i n  a c t u a l  v a l u e ,  t h a t  i s ,  i n  c e n t s  p e r  b a r r e l ,  tte c u r r e n t  c r u d e  o i l  u n i c e s  ^ ere  u s e d .  I t  was fou n d  to  be 7 .6 8 ^  n e r  b a r r e l ,  T-ASOLIITS RTfiCO ^ gET PPP 3 A "PPL 0 ? L T 1 E  t h r o u g h o u t  th e  t e s t  th e  i n c r e a s e  in  th e g a s o l i n e  c o n t e n t  o f  th e  gas  Hue t o  th e i n c r e a s e d  vacuum , rrg? m easu red and V o s  fou n d  t h a t  under i d e a l  ton^i t  i o n s  th e  m a v o lin e  c o n t e n t  o f  th e  g a s  mas i n c r e a s e d  b y  1 .3 3  g a l l o n s  for e v e r y  b a r r e l  o f  o i l  p a s s i n g  th ro u g h  th e  t r a p .On t h e  b a s i s  o r' o f  th e  g a s o l i n e  in  th e g a s  u s u a l l y  r e c o v e r e d  in'he g a s o l i n e  p l a n t s ,  i t  mould mean an i n c r e a s e  o f  o n ly  1 .2 0  g a l l o n s  o f  r = s o l i n e .  At th e  c u r r e n t  p r i c e ,  th e  i n c r e a s e  in  r o y a l t i e s  due our company •amid he n er  b a r r e l  o f  c r u d e  p a s s i n g  t h r o u g h  th e  t r a p .PPT L Q S Q PPP V APPELThe n e t  l o s s  per b a r r e l  o f  c ru d e  was d e te rm in e d  b y  s u b t r a c t i n g  t h i s  r o y a l t y  o f  7 « ° 3 ^  from  th e  g r o s s  l o s s  o f  7 , 6 5 ?  p e r  b a r r e l ,  Tv i s  n e t  l o s s  amounts to 0 .4 5 ,/  n er b a r r e l .C 'T T L B S iO PAs s t a t e d  b e f o r e  t h i s  i n v e s t i g a t i o n  i s  s t i l l  i n  the e x p e r i m e n t a l  s t a g e  and so f a r  o n l y  a l i m it e d ,  rauriiter o f  v e i l s  w ere e x p e r im e n t e d  w i t h  rnd the c o n c l u s i o n  a iv e n  b e l o ' " ,  i s  n o t to  b e  r e g a r d e d  a s  f i n a l ,  buo assum­in'- t h a t  f u r t h e r  e x p e r i m e n t s  under v a r y i n g  c o n d i t i o n s  w i l l  show somewhat s i m i l a r  r e s u l t s  o u r  c o n c l u s i o n  r i l l  be as f o l l o w s :The i n s t a l l a t i o n  o f  a g a t h e r i n g  sy s te m  o p e r a t i n g  a t  a vacuum i n s i d e  the tr - 'n s  would p r o v e  u n p r o f i t a b l e  f o r  t h i s  Company f  r  th e  f o l l o w i n ge ^son s :
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