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Enrwonmmtal Partmbip 

One  of the most  significant  long-term  trends  affecting  the  future  vitality of the  petroleum  industry is the 
public's  concerns  about  the  environment,  health  and  safety.  Recognizing  this  trend,  API  member 
companies  have  developed  a  positive,  forward-looking  strategy  called STEP: Strategies  for  Today's 
Environmental  Partnership.  This  initiative  aims to build  understanding  and  credibility with stakeholders  by 
continually  improving  our  industry's  environmental,  health  and  safety  performance;  documenting 
performance;  and  communicating  with  the  public. 

API  ENVIRONMENTAL  MISSION  AND  GUIDING  ENVIRONMENTAL  PRINCIPLES 

The members of the American  Petroleum  Institute  are  dedicated to continuous  efforts to improve  the 
compatibility of our  operations  with  the  environment  while  economically  developing  energy  resources  and 
supplying  high  quality  products  and  services  to  consumers. We recognize  our  responsibility to work  with 
the public,  the  government,  and  others to develop  and  to  use  natural  resources in an environmentally 
sound  manner  while  protecting  the  health  and  safety of  our  employees and  the  public. To  meet these 
responsibilities, API members  pledge to manage  our  businesses  according to the  following  principles  using 
sound  science  to  prioritize  risks  and to implement  cost-effective  management  practices: 

9 To recognize  and to respond to community  concerns  about  our  raw  materials,  products  and 
operations. 

03 To operate  our  plants  and  facilities,  and  to  handle  our raw materials  and  products in a  manner 
that  protects  the  environment,  and  the  safety  and  health of our  employees  and the public. 

9 To make  safety,  health  and  environmental  considerations  a  priority in our  planning, and our 
development of  new  products  and  processes. 

+3 To advise  promptly,  appropriate  officials,  employees,  customers  and  the  public  of  information 
on  significant  industry-related safety, health  and  environmental  hazards, and to recommend 
protective measures. 

0 To counsel  customers,  transporters  and  others in the safe  use, transportation  and  disposal of 
our raw  materials,  products  and  waste  materials. 

03 To economically  develop  and  produce  natural  resources  and  to  conserve  those  resources  by 
using  energy  efficiently. 

*a To extend  knowledge  by  conducting  or  supporting  research on the safety, health  and 
environmental  effects of  our  raw materials,  products,  processes  and  waste  materials. 

9 To commit to reduce  overall  emission  and  waste  generation. 

e:* To work  with  others  to  resolve  problems  created  by  handling  and  disposal of hazardous 
substances  from  our  operations. 

0% To participate  with government  and  others  in  creating  responsible  laws,  regulations and 
standards to safeguard  the  community,  workplace  and  environment. 

0:. To promote  these  principles  and  practices  by  sharing  experiences  and  offering  assistance to 
others who  produce,  handle,  use,  transport  or  dispose  of  similar  raw  materials,  petroleum 
products  and wastes. 
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FOREWORD 

API PUBLICATIONS  NECESSARILY  ADDRESS  PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT  TO  PARTICULAR  CIRCUMSTANCES,  LOCAL,  STATE, 
AND FEDERAL  LAWS AND REGULATIONS  SHOULD  BE  REVIEWED. 

AE'I IS NOT  UNDERTAKING  TO  MEET THE DUTIES OF EMPLOYERS,  MANUFAC- 
TURERS,  OR  SUPPLIERS  TO WARN AND PROPERLY TRAIN AND EQUIP  THEIR 
EMPLOYEES,  AND  OTHERS  EXPOSED,  CONCERNING HEALTH AND  SAFETY 
RISKS AND PRECAUTIONS,  NOR  UNDERTAKING  THEIR  OBLIGATIONS  UNDER 
LOCAL,  STATE,  OR  FEDERAL  LAWS. 

NOTHING  CONTAINED  IN  ANY  API  PUBLICATION IS TO  BE  CONSTRUED  AS 
GRANTING ANY RIGHT,  BY  IMPLICATION  OR  OTHERWISE,  FOR THE MANU- 
FACTURE, SALE, OR  USE OF ANY METHOD,  APPARATUS,  OR  PRODUCT  COV- 
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING  CONTAINED IN 

ITY FOR  INFRINGEMENT OF LETTERS PAmNT. 
THE PUBLICATION  BE  CONSTRUED  AS  INSURING ANYONE AGAINST  LIABIL- 

GAS  RESEARCH  INSTITUTE  DISCLAIMER 

LEGAL NOTICE: This  report  was  prepared by  Radian  International as an  account  of  work 
sponsored by the Gas Research Institute (GRI). Neither GRI, members of GRI, nor any 
person acting on  behalf  of  either: 

a. Makes any  warranty or representation, express or implied, 
with  respect  to the accuracy,  completeness, or usefulness of 
the information  contained  in this report, or that the use of  any 
apparatus, method, or process  disclosed in this report  may  not 
infringe privately  owned  rights; or 

b. Assumes  any  liability  with  respect to the use of, or for damages 
resulting from the use of,  any  information,  apparatus,  method, or 
process disclosed in this report. 

All rights resewed. No part of this  work may be reproduced,  stored in a retrieval system, or transmitted  by  any 
means, electronic, mechanical,  photocopying,  recording, or otherwise, without prior written permission from the 

publisher:  Contact the publisher. API Publishing  Services, 1220 L Street. N.W. Woshington, D.C. 20005. 
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MODEL RUNS 
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SURFACE FLUID SAMPLING OF BLACK OIL RESERVOIRS 

Separator  Liauid  Collection 

The  separator  liquid  sample  collection  point  should be upstream of any  metering  device  or  flow 
restriction to ensure  single  phase  flow.  There is often  a  temperature  reduction  on the separator  liquid 
flowline,  but this does  not  alter  the  sample  integrity.  Conversely, if the  flowline  temperature  is  in  excess of 
the  operating  temperature of the separator,  it  is  advisable  to  sample directly from the  sight  gauge  on  the 
separator. 

Care  must be taken  when  sampling from the  separator  sight  gauge. .The upper and lower  values 
installed on  sight  gauges have restricted flow orifices and  check  valves.  Therefore, as fluids  are  removed 
through  sight  gauge  valves,  there is  a  preferred  flow  of  the  gas  phase  through  the  top  valve.  One 
maintain  the  liauid  level  above  the  bottom siht   lass valve  while  collecting the separator  liquid  samples. If 
the liquid  level is allowed to decrease to the  point  of  sample  collection,  excess  gas will be  drawn  into  the 
cylinder  with  the separator liquid,  voiding  the validity of  the  separator  liquid  sample. 

Flexible  lines  used  to  connect  the  sample  source  to the sample  cylinder  should be as short as possible. 
One should  check for entrained  water in the liquid  source stream. Water  and  any  other  contaminant must be 
removed  completely prior to the  collection  of  any  separator  liquid samples. It is advisable  to  re-check  the 
sampling  points  and  line for contaminants after completing  the  sampling  procedure  to  ensure  proper 
samples  have  been  collected 

Separator  Liquid  Collection - Evacuated  Cylinder  Method 

1. 

2. 

3. 

The  cylinders  should be evacuated  by  the  laboratory  before  being  sent  to  the field 

Select  a  sample  point from which  a  representative  first  stage  separator  liquid  sample  can be 
collected 

Compare  the  pressure  and  temperature  of  the  sample  source  to  the  maximum  .operating  pressure 
and the  current  temperature  of the sample  cylinder to ensure  that  the  cylinder will safely  contain  the 
liquid  sample.  The  cylinder  temperature  should  not be more than 10°F (6°C)  lower than the source 
temperature. If it  is, this technique  should  not be used Low  cylinder  temperatures  often  cause  the 
cylinder to fill completely  with  liquid,  thus  resulting in a  serious hazardous situation  when  the 
cylinder  is  allowed to warm. To prevent  the  hazardous  situation, an alternate  technique,  such as the 
Liquid Displacement  Method,  should  be used. The  cylinder  must be an  approved  type  with  a 
current  certification  date  for  sample  transport  to  the  laboratory.  In  the  United  States,  the  cylinder 
must be an approved type with a current  certification  date  for  sample  transportation to the 
laboratory.  In  the  United  States,  the  cylinder  must be approved  by the U.S.  Department Of 
Transportation,  while  transporting  a  cylinder in many international  locations  requires  certification 
by  Lloyd's  Register  Industrial  Services. 

Separator  Liauid  Collection - Evacuated  Cylinder  Method 

4. Connect  the sampling line  to  the  liquid source and the  sample  cylinder  in the manner shown in 
Figure B-1, leaving  the  fitting  on  the  cylinder  end  of  the  connector  line  finger  tight. 

B-1 
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5 .  Slowly  purge  the  sample  line  to  displace air and to vent  sufficient  liquid  to  clean  the  sample  point 
and sampling  system. 

6. With  a  wrench,  properly  tighten  the  connecting  line  fitting  to  the  cylinder  fitting. 

7. With  the  sample  line  purged  and  full  of  liquid  and  the  separator  liquid  source  valve fully open,  hold 
cylinder in a  vertical  position  with  the  inlet  valve  at  the  bottom  and  slowly  (but fully) open  the 
lower  cylinder  valve to admit liquid  into the container.  Refer  to  Figure B-1. 

8. When the liquid  stops  flowing  into  the  cylinder,  close  the  inlet  valve  before  moving;  the  cylinder  out 
of  the  vertical mition. The  sample  collected in this manner will be in  two  phases,  gas and liquid 
The sample  cylinder will have  some  portion  of its volume as gas  cap,  which  can  safely 
accommodate  any  liquid  expansion if the  cylinder  temperature  increases  during  shipment to the 
laboratory. 

9. Close  the  valves  fiom  the  sample source and  &-pressurize the connect  line.  Dismantle  the  sampling 
assembly  and  install  the  blow  plug  in  the  sample  cylinder  valve  used  for  sample  entry. 

10. Fill in information  on  the  sample  tag as completely  and  accurately as possible  and  attach  the  tag  to 
the  sample  cylinder.  on  a  separate  sheet  of  paper, make a  list  of all of  the  information 
recorded  on the cylinder  tag  along  with  the  cylinder  number.  Prepare the information  for all 
cylinders  involved  in  the  sample  collection  on  the  sheet  of  paper  for  seuarate  mailing  to  the 
laboratory. 

1 1. Repeat  the  above  procedures  using all separator  liquid  cylinders  provided. 

NOTES: 

Item Number 8 

The  (safe)  situation of having  a two phase  system  in  the  container  will  not  change  to  an  unsafe 
single  liquid  phase  situation  unless  one  or  more  of the following is allowed to OCCUT: 

1. Sample  container is agitated  while  filling. 

2. Containers  being filled are much  colder  than  the  separator. 

3. Containers are left  on  the  pressure source for an  extended  length  of  time.  It is not 
important to have the container  completely full of sample.  The  representative  liquid has 
been admitted to the  cylinder  and is not altered in composition; it merely  has been flashed 
to  a two phase  condition  for transport to the laboratory.  When this sample is received  in 
the  laboratory, it is pressured  up to considerably  above the source pressure  by  mercury 
injection prior to removal  of any portion  of  the  contents.  During  the  repressurization, the 
saturation pressure is  measmd to check  the  validity of the  sampled  contained.  If the 
saturation  pressure  obtained  does  not approximate the  separator  conditions,  any 
subsequent  analysis  performed  using  the  sample  will be in error. 

B-2 
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Medium gravity, 20 to 27 API crude  oils  are  particularly  susceptible  to  foaming  and, if sampled directly 
into an evacuated  cylinder,  could  result in obtaining a cylinder  virtually full of gas  with a small  amount  of 
foamy oil. The  procedure of sampling a liquid  by  gas  displacement is used to  overcome this potential 
foaming  problem. The description of this procedure begins below. 

Separator Liauid Collection - Gas Displacement  Method 

1. Select a sample  point  from  which a representative  first  stage  separator  liquid  sample  can be 
collected 

2. Compare  the  pressure  of  the  sample  source  to  the maximum operating pressure of the  sample 
cylinder to ensure  that  the  cylinder  safely  contain  the  liquid  sample.  The  cylinder  must be an 
approved type with a current  certification date for  sample transport to the  laboratory.  In  the  United 
States,  the  cylinder  must be approved  by  the  U.S.  Department of Transportation,  while 
transporting a cylinder  in  many  international  locations  requires  certification  by  Lloyd’s  Register 
Industrial  Services. 

3, Fill the cylinder  to  be  used  for  collecting  separator  liquid  sample  with  equilibrium  separator gas as 
per the procedure  outlined in Separator Gas Collection - Evacuated  Cylinder  Method. 

4. Connect the sampling  line  to  the  liquid  sample  source  and  to  the  gas filled liquid  sample  cylinder 
in the conventional manner shown  in  Figure B-1 leaving  the  fitting  on  the  cylinder  end of the 
connecting  line  finger  tight. 

5. Slowly  purge  the  sample  line  to  displace air and to vent  enough  liquid to clean the sample  point  and 
sampling  system. 

6. With a wrench,  properly  tighten  the  connecting  line  fitting to the  cylinder  fitting. 

Separator Liauid Collection - Gas Displacement  Method 

With  the  sample  line  purged  and full of liquid  and  the  sample  source  valve fully opened,  hold  the 
cylinder in a vertical position as indicated  in  Figure B-1 , with  inlet  valve  at the bottom and 
open the  lower  cylinder  valve. 

Holding  the  cylinder  vertical,  slowly  open  the  top  valve of the  cylinder to bleed gas at  a very low 
rate.  The  low  bleeding  rate is necessary so no  appreciable  pressure  drop occurs in the sampling 
system,  thus  maintaining  the  separator  liquid in one  phase  while it  enters  the  sample  cylinder. 

When  separator  liquid  flows  from the top  valve,  close first the  top  valve and second  the  bottom 
valve of the  cylinder.  Close  the  valve from the sou~ce and  depressurize the sampling  system. 

Disconnect  the  sample  cylinder  fiom  the  sampling hose. 

Holding the cylinder  vertical, in  a single  motion  uuickly  release a small amount of liquid  from  the 
bottom  valve. This will relieve  the  dangerous  situation  of  having a cylinder comletelp filled with 
liquid  for transport to the laboratory  without  altering the sample.  Creating a gas cap in this manner 
can  easily  alter  the  sample  composition.  In order to  prevent the alternation of the  sample 
composition,  the  outline  must be taken  in  one  auick  motion. 
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12. 

13. 

14. 

15. 

Install blow  plugs  securely in both  valves. 

Fill  in  information on the  sample  tag as completely  and  accurately as possible  and  attach to the 
sample  cylinder. 

On a  separate  sheet  of  paper,  list  the  cylinder  number  with all of  the  information  recorded on the 
sample  cylinder  tag.  Include this information  for all cylinders  involved  in  the  sample  collection  on 
this same  sheet  of  paper.  Send this information  under  separate  cover  to  the  laboratory. 

Repeat the above  procedure  using  all  separator  liquid  cylinders  provided. 

NOTES: 

Medium  gravity, 20 to 27 API, crude oils are  particularly  susceptible to foaming  and  if  sampled 
directly  into  an  evacuated  cylinder,  could  result in obtaining  a  cylinder  virtually full of gas with a 
small  amount  of  foamy oil. The  procedure  of  sampling  a  liquid  by gas or  liquid  displacement is 
used to overcome this potential  foaming  problem. 

SeDarator Liquid Collection - Liauid Displacement  Method 

1. Fill the  cylinder  with  a  suitable  liquid  which  is  more  dense  than,  and  immiscible  with  the  separator 
liquid.  Suitable  liquids  for use are  displacement  media  which  are:  mercury,  brine,  glycoYwater 
mixtures  and  water.  The  latter three should goJ be used  in  sour  systems. 

Separator Liauid Collection - Liquid DisDlacement  Method 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Select  a  sample  point  from  which  a  representative  first  stage  separator  sample  can be collected. 

Compare  the  pressure  of  the  sample  source  to  the maximum operating  pressure  of  the  sample 
cylinder to ensure  that the cylinder  will  safely  contain the liquid  sample.  The  cylinder must be an 
approved type with  a  current  certification  date  for  sample transport to  the  laboratory.  In  the  United 
States, the  cylinder  must be approved  by  the  U.S.  Department  of  Transportation,  while 
transporting  a  cylinder  in  many  international  locations  requires  certification  by  Lloyd’s  Register 
Industrial  Services. 

Connect the sample  line to the separator  liquid source and to the  sample  cylinder in a  manner as 
shown in F i g w  B-2, leaving  the  fitting  on  the  cylinder  end  of the connector  line  finger  tighL 

partially  open  the  separator  liquid  source  valve,  allowing  a  slow  displacement  of air from the 
connecting  line.  Continue  venting  sufficient  liquid to clean  the  sample  point  and  sampling  system. 

With a wrench,  properly  tighten  the  connecting  line to the cylinder fitting. 

Fully  open  the  separator  liquid source valve. 

Maintain  the  cylinder  in  a  vertical  position  with  the  inlet  valve  at  the  top  throughout  the  sample. 
collection  procedure. 
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9. 

10. 

11.  

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

open  the  upper  cylinder  valve. 

With  the  cylinder  perfectly  vertical,  slowly  open  the  bottom  valve of the  cylinder to allow a slow 
(small)  stream of displacement  liquid to drain into  a  graduated  cup. 

Maintain  the  slow rate of  displacement  liquid  removal so that no  appreciable  pressure  drop occurs 
in the  sampling  system.  One must not rushthis  procedure. 

When 90% of the  sample  cylinder  volume  has  been  collected,  close first the bottom valve  and  then 
the top valve of the  sample  cylinder. 

With  the  top  valve of the  cylinder  closed,  slowlv drain from  the bottom of cylinder  the  remaining 
10% of  the  displacement liquid Close the bottom valve of the  sample  cylinder  immediately  when 
the  separator  liquid  appears.  Creating a gas  cap  in this manner is  easily  accomplished,  perfectly 
safe  and of very little risk to the  integrity of the sample. 

Close the  valve from sample source and  depressurize the sampling  system. 

Disconnect the sample  cylinder kom the  sampling  hose. 

Securely  install  blow  plugs into both  sample  cylinder  valves. 

Fill in information  on  the  sample tags as completely  and  accurately as possible  and  attach to the 
sample  cylinder. 

On a separate  sheet of paper,  list the cylinder number with all of the information  recorded  on  the 
sample  cylinder tag. Include this information  for all cylinders  involved in the  sample  collection  on 
this same  sheet  of  paper.  Send this information  under separate cover to the  laboratory. 

Repeat  the  above  procedure  using  all  separator  liquid  cylinders  provided. 

Notes: 

'Ihe Liquid  Displacement  sampling  technique is generally  utilized  when  collecting LPG and 
NGL samples. This procedure  ensures a good gas cap  inside  the  cylinder.  Samples of these 
products can be extremely  dangerous if the  cylinder is absolutely  liquid  filled  and  allowed  to warm 
while  in transport to the  laboratory. 

Notes: 
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Figure B-1 Separator Liquid Collection 
Evacuated Cylinder  Method 

& 
Gas Displacement  Method 
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Separator 
Liquid 
Sample 
Cylinder 
\i Separator 

Figure B-2 Separator  Liquid Collection 
Liquid  Displacement  Method 
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Sampling Protocol 
Separator Gas Option 

The  gas  sampling  method  is  important  for  accurate  modeling  results.  The  separator gas sample is 
typically  collected  from  the  gas  line at the  low  pressure  separator  outlet.  Operators  have  sampled  separator 
gas  for  years  by  attaching  a  canister  or  high  pressure  cylinder  directly to the  separator’s gas sampling port. 
The  GRI-GlyCalc  manual  (GRI, 1996) recommends  employing a manifold to remove  entranced  liquids 
from  the  sample probe when  collecting  the  sample  from  the gas line. The manifold  is  necessary  when 
measuring  low  concentration  components  such as H A P S  (benzene,  toluene,  ethyl-benzene,  xylene  and  x- 
hexane).  The  manual  recommends the Gas Processors Association (GPA) standard 2166 as a gas sampling 
reference. A l s o ,  the manual  indicates  a  modified EPA method TO-14, normally  used  for  ambient air 
sampling, as a  satisfactory  method  for  gas  sampling. 
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Appendix C 

QUALITY CONTROL DATA 
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API TANKS:  RELATIVE  PERCENT  DIFFERENCE OF DUPLICATE  SAMPLES 
SEPARATOR  OIL  DUPLICATES 

Site 1 Site 2 Site 3 Site 4 Site 5 Site 6a Site 6b 
Compound  RPD (%) RPD (%) RPD (%) RPD (%) RPD (%) RPD (%) RPD (%) 
Nitrogen 
Carbon  Dioxide 
Methane 
Ethane 
Propane 
i-Butane 
n-Butane 
i-Pentane 
n-Pentane 
n-Hexane 
Hexanes 
Heptanes 
Octanes 
Nonanes 
Decanes+ 
Benzene 
Toluene 
Ethylbenzene 
Xylenes 

Decanes+ Spec Grav 
Decanes+ Mol. Weight 

0 
0 

5.6 
0 

0.3 
0 

0.8 
1.2 
0.9 
0.4 
2 

1.1 
1 

0.6 
0.8 
6.9 
0 
0 

4.7 

0.4 
0.1 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

NC 
NC 

. .  

0 
5.7 
2 

2.8 
2.1 
1.9 
1.7 
2 .  

1.8 
1.7 
1.9 
1.8 
1.8 
2.2 
3.8 
1.5 
3.5 
2.2 
1.7 

2.4 
2.8 

0 
0 

2.5 
1 

0.7 
0.5 
0.7 
1.1 
1 

0.6 
0.4 
0.2 
0.4 
0.6 
0.2 
0 

2.2 
2.4 
1.1 

0 
0 

0- 
5.9 
5.3 
6.7 
2.8 
2.1 
0.9 
0 
1 

0.4 
2.8 
1.4 
0.6 
0.1 
0.4 
0.6 
3.4 
6.6 
0.3 

0 
0 

NC . 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

NC 
NC 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

NC 
NC 

c- 1 
Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

--`,,-`-`,,`,,`,`,,`---



S T D . A P I / P E T R O   P U B L   4 b b 2 - E N G L  1997 0732290 Ob08774 O8b W 

API TANKS:  RELATIVE  PERCENT  DIFFERENCE OF DUPLICATE  SAMPLES 
SEPARATOR GAS DUPLICATES 
Site 1 Site 2 Site 3 Site 4 Site 5 Site 6a Site 6 b  

Compound  RPD (%) RPD (%) RPD(%) RPD (%) RPD (%) RPD (%) RPD(%) 
Nitrogen 3.2 NC 0 200 0 NC  NC 
Carbon  Dioxide  6.5 NC 6 18 0.4 NC  NC 
Methane 0.0 NC 0.4 0.1 1.1 NC NC 
Ethane 0.0 NC 0.1 0.7 0.2 NC  NC 
Propane 2.0 NC 0.9 0.5 0.9 NC  NC 
i-Butane 0.6 NC 3.8  1.8 2.8 NC  NC 
n-Butane  0.8  NC 4.5 2.3 3.8 NC  NC 
i-Pentane 3.7 NC 11 2.3 3.7 NC  NC 
n-Pentane 3.0 NC 11 8.7 7.6 NC  NC 
n-Hexane  17.0 NC 10  1.8  3.2 NC  NC 
Hexanes  18.0 NC 11 3.1 1 .l NC  NC 
Heptanes 20.0 NC 17 15 0.4 NC  NC 
Octanes 2.4 NC 12 26 2.9 NC  NC 
Nonanes 18.0 NC 18  48 0 NC  NC 
Decanes+ 40.0 NC 22 131 61 NC  NC 
Benzene 19.0 NC 17 8.7 3.3 NC  NC 
Toluene 36.0 NC 36 2.3 5.6 NC  NC 
Ethylbenzene 0.0 NC 0 31 67 NC  NC 
Xylenes 33.0 NC 29 93  15 NC  NC 

NC = Not  Collected 
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API  TANKS:  RELATIVE  PERCENT  DIFFERENCE  OF  DUPLICATE  SAMPLES 
SALES OIL  DUPLICATES 
Site 1 Site 2 Site 3 Site 4 Site 5 Site 6a Site  6b 

Compound RPD(%) RPD (%) RPD (%) RPD (%) RPD (%) RPD (%) RPD(%) 
Nitrogen NC  NC 0 NA 0 NC  NC 
Carbon  Dioxide NC  NC  NM  NA  NM  NC  NC 
Methane NC  NC 0 NA 40 NC  NC 
Ethane NC  NC 0 NA 6.9 NC  NC 
Propane NC  NC  7.6  NA 3.5 NC  NC 
i-Butane NC  NC  1.9  NA  2.2  NC  NC 
n-Butane NC  NC 1.6 NA  1.2  NC  NC 
i-Pentane NC  NC 0.8 NA 0.4 NC  NC 
n-Pentane  NC  NC  1.2  NA 0.6 NC  NC 
n-Hexane NC  NC 0.3 NA 0.5 NC  NC 
Hexanes NC  NC 0.3 NA  0.2  NC  NC 
Heptanes NC  NC 1 NA 0.7 NC  NC 
Octanes NC  NC  1.2  NA  1.2  NC  NC 
Nonanes NC  NC 0.4 NA  1.3  NC  NC 
Decanes+ NC  NC 0.5 NA 0 NC  NC 
Benzene NC  NC  NR  NA 0.4 NC  NC 
Toluene NC NC NR NA 1.2  NC  NC 
Ethylbenzene NC  NC  NR NA 0 NC  NC 
Xylenes  NC NC  NR NA  1.3 NC  NC 

API  Gravity NC  NC 0.04 14 0.4 NC  NC 
Reid Vapor  Pressure NC  NC 1.7 8.7 0.3 NC  NC 

NC = Not  Collected 
NA = Not  Analyzed 
NR = Not Reported 
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API Tanks  Site 3: FID Calibration  Data 
SITE 3 
Standard: 
Date: 
Time 
Filename: 
Compound 

Methane 
Ethane 
Propane 
+Butane 
n-Pentane 
n-Hexane 

Standard: 
Date: 
Time: 
Filename: 
Compound 

Ethane 
Propane 
n-Butane 
n-Pentane 
+Hexane 
Benzene 
Toluene 
Ethylbenzene 
pXylene 

FID CAL CHECKS 
Can Mix 236 

Tuesday,  January 30,1996 
155052 
ADO1 81 

Standard 
Concentration 

(PPmV) 
1020 
1010 
994 
973 

1010 
1000 

VOC Std 905 
Wednesday,  January 31,1996 

16:35:36 
ADO4829 
Standard 

Concentration 
(Ppmv) 

2000 
2004 

101 
101 

2001 
99 
99 
99 
99 

Measured 
Concentration 

(PPmV) 

1143 
1093 
1025 

960.8 
964.2 

Measured 
Concentration 

@Pmw 
1733 
1896 
120.3 
97.6 

1821.4 
94 

95.5 
107 
107 

Recovery 

(%I 
0.0% 

1  13.2% 
1  10.0% 
105.3% 
95.1% 
96.4% 

Recovery 

(%I 
86.7% 
94.6% 

119.1% 
96.6% 
91 .O% 
94.9% 

108.1 % 
108.1% 

96.5% 

c-10 
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S T D = A P I / P E T R O  PUBL 4bb2-ENGL 1997 0732290 0608786 B T 8  = 
API Tanks Site 3: FlD Calibration Data 

Standard: Short Cylinder  Dilution 
Date:  Thursday,  February 01,1996 
Time: 13:44:29 
Filename:  ADO7354 
Compound  Standard Measured Recovery 

(PPmV)  (PPmV) (%I 
MethanelEthane 20068.8 17665 88.0% 
Propane  1231.3 998 81.1% 

Concentration  Concentration 

c-11 
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Stndrd: 
D.br: 
t i :  
Flrwn: 
campovd 

S w r d :  
m :  

t i  
Filrwn: 
capand 

PC CAL CHECK SAMPLES 
FID DECTECTOR 

can Ma= 
Trrd.y.  January 30,lSsG 

07:59:58 
ADO101 

SbndSrd 

(mv) 
1020 
1010 
Qs4 
973 

1010 
1000 

C- 
Measured Ramvory 

(mv) (96) 
0.096 
0.096 

1014.3 102096 
973 100.096 

953.6 84.4% 
856 95.6% 

shatCylind.rDilut#n 
Wedn-day, Janumry 31,1996 

W:M:59 
Aoo392a 
Stsndsrd M r w d  Recovery 

bnanmbl conwnhth 
(mv) (mv) 
m m . 9  26311.5  90.1% 

179O.B 23B4.6 133.7% 

VOC Std 905 
f h v d . y .  F.kuuy 01,1996 

ADO8748 
08:10:05 

Stndrd  

(ppnv) 
2ooo 
2004 
101 
101 

2001 
99 
99 
Qe 
99 

Mwurrd 

(mv) 
1686 
1784 
927 
926 
1798 
91.3 
829 
97.6 

97 

Rwxmry 

83.3% 
89.5% 
91 3% 
91.7% 
89996 
922% 
S3.w 
Q8.w 
96.0% 

- R=-Y 

(mv) ( W  
0.0% 
0.0% 

481.0 4.5% 
433.4 u.596 
884.1 87.5% 
898.8 89.9% 

c-12 
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W d n d . y ,  Jnuy31.1@80 
8ho(( 1:lO 

m:ms - 
Stvdvd 

bnanb.bbn 
(md.W 

6.592 
3.01 1 

0.2 
0.197 

MnuNmd 

(md.W 
S.43 
0.00 
0.00 
0.00 

Mrwd 

13.76 
25.97 
27.59 
27.04 

R=-V 

yw) 
13s.Oy 

101sn 
71.7% 

ERR 

R . o v y  

82.3% 
yw) 

0.0% 
0.0% 
0.0% 

R.-w 

tw) 
91.4% 

104.0% 
110.3% 
1Oa.sw 

R . o u r y  

(w) 
97.0% 
0g.m 

107.5% 
76.4% 

High Ethuw 
Tunday. JMW 30.1996 

15:50:52 
Aco181 

standard Mwwnd 

(md.%) 

63.8 
9.04  8.82 

62.75 
12.6  12.79 
7.03 9.85 

C-13 
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SUMMARY 

On-site  sampling  and  analysis  activities  at  Test Site #4, were  conducted  according 

to approved  plans  and  procedures.  The  field  team,  Dirk  Reif  and  Duane  Myers, exhibited a 

thorough  understanding of the project  objectives,  competence  in  the  test  procedures,  knowledge 

and  appreciation for data quality  requirements,  and a conscientious  commitment to collect valid, 

representative,  reliable,  meaningful,  and  useful  data. 

On-site  activities  were  conducted  according  to the QAPPRest Plan,  with  minor 

modifications, as dictated  by  the  specific  site  conditions. No deficiencies  in  the  sampling or on-site 

analysis activities  were  noted. There were  some  difficulties  and  situations to which  the field crew 

responded  with  appropriate  technical  solutions.  The  crew  maintained  good  field  notes, 

documenting all  pertinent  test  conditions,  problems,  and  modifications  necessary to effect a 

successful sampling campaign. 
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1.0 INTRODUCTION 

In support of the  field  validation  testing of the EPTANK emission  model,  a 

technical  systems  audit of field  sampling  and  analysis  activities  was  performed  at  project  test 

site #4. 

The  audit  was  conducted  by  Don  Burrows, a  certified  quality  auditor  with  Radian's 

Quality  Assurance  staff.  The  principal  reference  document  for  the  audit  was  the  "QAPP/Test  Plan 

for  the  Field  Validation of the EPTANK and  Conoco  Models" (API Project  Number: 0-08200- 

0520-SE95020). The  purpose of the  systems  review was to  identify  and  report  to  project 

management  any  potential  quality  problems,  focusing  on  adherence  to  the  Test PladQAPP, 

recordkeeping  practices,  sample  tracking,  and  data  reduction.  Specific  sampling  and  analysis 

procedures  reviewed  during  the  audit  included: 

continuous  analysis of emission  gas  samples by on-site  GC; 

continuous  monitoring of emission gas flow  rate  and  temperature; 

collection of integrated  emission  gas  samples;  and 

collection of grab  samples of separator  flash  gas,  separator  liquid, 

and sales  oil. 

Review  of  these  activities  included  review of associated  quality  control  activities  and  recordkeeping 

practices. 

Observations of  the  auditor  and any recommendations  were  discussed  at  the  end of 

the  day  with  the  field  team,  Dirk  Reif  and  Duane  Myers, both of  whom  were  completely 

cooperative,  candid  and  responsive. 

2.0 AUDIT RESULTS 

The  conclusion of the technical systems review is that  on-site  sampling and 

analysis activities are being conducted according to the approved plans and procedures; 

that  appropriate  documentation is being maintained to elucidate and support  the  results  of 

the test  effort; and that the  scientist and engineer who compose  the  field  team  are 
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cognizant of the program objectives, recognize the information critical to  those 

objectives, and have  the expertise to accomplish the task. 

A brief discussion of each of the general areas of the audit is presented 

below. 

General  Practices 

A current copy of the QAPP/Test Plan was present in  the field lab. The 

Test Plan and procedures were followed with only minor deviations or modifications, 

dictated by site conditions. In each case, detailed notes  were  kept to document the 

circumstances, observations, and actions taken. 

Field logbooks included an activity logbook with notes, observations, 

deviations, etc.; records of on-site measurement data; and a master sample log. Chain-of- 

custody forms were used  to  track samples and document custody. Electronic 

measurement data were backed up daily to diskettes. A hardcopy printout of GC results 

was also generated daily. Records were neat and legible, and maintained according to 

conventional practices, such as dating and signing daily entries, single-line strikeouts 

(dated and initialed), and Z-out of unused portions of logbooks. 

On-site GC Analvsis of Vent Gas 

Emission gas samples were analyzed semi-continuously using gas 

chromatography with a thermal conductivity detector (TCD) for fixed gas and a flame 

ionization detector (FID) for hydrocarbons. The sample was continuously pumped from 

the emission gas vent pipe through a dilution and mixing chamber. The diluted sample 

was vented to atmosphere, allowing the GC to withdraw an sample for analysis. The 

dilution ratio was adjusted to obtain results within the calibration range of the detectors. 
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The continuous  sample  collection  system  had  not  been  leak  checked 

directly. There were only two  connections  between  the  vent  pipe  and  the  pump  which 

were  visually inspected. The  gas  was  pumped  under  positive  pressure to a  mixing 

chamber that was  vented to  atmosphere.  Under  positive pressure, the  potential for in- 

leakage of air should  be  minimal, and  analysis  of fixed  gases  would  indicated serious 

leaks. Dirk proposed  to  run  both  blank  (helium)  and  hydrocarbon  samples through the 

system as a verification of sampling  system  integrity  as  well as GC performance. 

The GC and  detectors  were  calibrated as specified  in  the  Test PladQAPP, 

using at least three upscale  standards  to  develop  a  linear  calibration  response factor. 

Specific calibration standards were  used  to develop  compound-specific  response factors 

for each of the hydrocarbons  listed  in  the  Test Plan, except for octane, nonane,  and 

decane. Little response was  expected or seen  in  the  range  of  these  compounds,  and  the  a 

carbon response factor derived  from  n-hexane  was  used to quantitate  these or other 

unidentified hydrocarbons. 

Continuous Monitoriw of Vent Gas Flow  Rate  and  Temperature 

Vent gas flow  rate  and  temperature  were  continuously  monitored during 

the  testing period. Gas flow  rate was  measured  using  a  critical orifice and  pressure 

transducer linked to a  computer  data  collection system. The  critical orifice plate  was 

located  near  the  vent  pipe exit, away from  pipe  bends or other  disturbances. Tank 
hatches  were  inspected for leaks  and  sealed  (with  garbage  bags) as necessary to minimize ' 

fugitive vent gas emissions..  Temperature  was  measured using a  thermocouple  and digital 

voltmeter interfaced with  computer  data  collection. 

The pressure transducers  were  calibrated prior to  use  in  the  field  against 

standard manometers. The transducer  calibration  will  be  checked  again  at  the  conclusion 

of the  test program. A precision  voltmeter was used to check  the  temperature 

measurement system. The QAPP specified  that  the  thermocouples  would  be  checked  in 

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



the  field  using an ice bath. Although  calibration of the electronic readout is critical to 

this type of measurement  system,  fairly  long  lengths of thermocouple  wire  were  necessary 

for some  of  the  measurement  points  at  this site, which  can  lead  to  some  inaccuracy  due 

to  line loss. The  field  crew had checked  the  accuracy of the electronic readout  devices, 

but had  not  conducted  the  ice  bath  QC  checks  of  the overall thennocouple/readout 

system at the  time of the  audit,  but  indicated  that  they  planned to do so before  leaving 

the site. 

The only problem  that  the  field  team was  having with flow  measurements 

was  the  potential  fouling of the  transducer by the  hydrocarbon  vent stream. As a 

preventative  measure, two transducers  were  periodically  exchanged for cleaning. 

Collection of Intemated Vent Gas SamDle 

A 15-liter evaluated  stainless  steel  canister  was  used to collect  a  12-hour 

integrated  sample of vent  gas. A Veriflow  regulator was  used  to control the  sample 

collection rate over the  12-hour period. Canister  pressures  were  checked  on-site  and 

recorded on the  canister  chain-of-custody form. No problems were noted  with  canister 

sampling of vent gas. 

According to the  field team, one of the canisters was to be pressurized 

after collection to facilitate removal of a sample  aliquot to inject  into  the  on-site GC 

system  as  a  quality  assurance  check. This canister  would then be routed to the  off-site 

laboratories for comparison of results.  This  activity was  not  observed during the audit. 

Collection of Grab SamDles of Seuarator Flash GaslLiauid, and Sales  Oil 

Grab samples of separator  gas  and  liquid in steel canisters according to the 

procedures described  in  the  QAPPITest  Plan.  When collecting the liquid sample, the 

canister was first filled  with  gas  at  the  pressure of the tank; oil  was  then  collected in the 
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pressurized  sample  container,  replacing  the  gas and thus preventing  a  pressure drop in 

the  liquid  sample  and  sudden  volatilization of dissolved  gases. 

The  procedure for collecting  sales  oil  sample, ASTM D4057, was  modified 

slightly  due  to  difficulties  getting  sufficient  flow  through  the  cooling coil. The coil was 

removed  and  the  aluminum  sample  container  was  immersed in ice  water  during 

collection of the  sample.. This modification  was  documented in the  field  notebook. 

When  he  began to flush the  sales  oil  tank  tap prior to collecting a sample, 

Duane observed that the  liquid  was  aqueous.  Rather  than  collect  a sample, he  obtained 

help  from an IP technician  who,  upon  measuring,  confirmed  that  water  covered  the  tap 

at the  bottom of  the  tank.  The  field  team  and  the IP technician  worked  to  resolve  the 

problem  and  collect  a  representative  sample of sales oil. The situation was  documented 

in the  field  logbook  and  served as an example of  the  field  crew  recognizing  anomalies 

and  responding effectively. 

The  existing  gauges  used  to  read  pressure on the  tanks  were  checked 

against  independent  gauges by the  Radian  field  team. The temperature  readouts  were to 

be  checked  against  independent  measurement  devices  provided  thermal  wells  were 

available in the tanks. The field  crew had  not  requested  gauge calibration or certification 

records from the plant personnel.  Process  information,  such  as  hours of operation, 

production rate, and  dump  cycles  were  obtained  from  plant  personnel  and  records 

3.0 RESPONSE REQUIRE"I'S 

There were no findings of significant  deficiencies during this review, and  no 

corrective actions or formal  response is required. 
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API Tanks Site 1 

Separator  Gas  Composition  (Mole%) 

Compound 
Date 
Time 

Oxygen 
Nitrogen 
Carbon  Dioxide 
Methane 
Ethane 
Propane 
lsobutane 
n-Butane 
lsopentane 
n-Pentane 
2,2dimethylbutane 
2-Methylpentane 
3-Methylpentane 
n-Hexane 
Methylcyclopentane 
Benzene 
Cyclohexane 
2-Methylhexane 
3-Methylhexane 
Dimethylcyclopentan 
n-Heptane 
Methylcyclohexane 
Trimethylcyclopentan 
Toluene 
2-Methylheptane 
3-Methylheptane 
Dimethylcyclohexane 
n-Octane 
Ethylbenzene 
Xylenes 
C9 Unknowns 
n-Nonane 
Decanes+ 

SGCYO1 
9/29/95 

8:06  PM 

0.00 
4.48 
0.35 

57.30 
9.80 

16.45 
1.64 
6.13 
1.23 
1.16 

0.003 
0.195 
0.278 
0.200 
0.21  3 
0.01 5 
0.099 
0.030 
0.041 
0.1 15 
0.046 
0.082 
0.030 
0.016 
0.01 6 
0.01 7 
0.021 
0.01 5 
0.00 1 
0.007 
0.008 
0.003 
0.012 

SGCY02  SGCY03  SGCY03d  Average 
1 011 I95 1  0/2/95 

8:11  AM 10:30AM 

0.00 
4.82 
0.37 

58.40 
9.60 

15.63 
1.61 
5.93 
1.14 
1.08 

0.003 
0.1 84 
0.259 
0.1 89 
0.202 
0.01 5 
0.095 
0.032 
0.042 
0.1 12 
0.048 
0.087 
0.03 1 
0.01 9 
0.01 7 
0.01 9 
0.022 
0.01 5 
0.001 
0.008 
0.008 
0.003 
0.01 2 

0.00 
4.39 
0.34 

58.01 
10.20 
16.18 
1.58 
5.89 
1.09 
1.02 

0.003 
0.174 
0.230 
0.177 
0.189 
0.01 7 
0.090 
0.028 
0.038 
0.103 
0.042 
0.078 
0.026 
0.027 
0.01 2 
0.01 5 
0.01 7 
0.01 1 
0.001 
0.005 
0.004 
0.001 
0.01 2 

10/2/95 
1 0:30  AM 

0.00 
4.25 
0.32 

58.03 
10.20 
16.51 
1.59 
5.94 
1.05 
0.99 

0.003 
0.152 
0.209 
0.149 
0.143 
0.01 4 
0.067 
0.028 
0.032 
0.065 
0.042 
0.070 
0.01 8 
0.039 
0.016 
0.01 7 
0.01 5 
0.01 7 
0.001 
0.007 
0.004 
0.002 
0.008 

0.00 
4.54 
0.35 

57.91 
9.87 

16.14 
1.61 
5.99 
1.15 
1.08 

0.003 
0.181 
0.252 
0.1 84 
0.194 
0.01 5 
0.091 
0.030 
0.039 
0.104 
0.045 
0.081 
0.028 
0.023 
0.016 
0.01 7 
0.020 
0.01 5 
0.001 
0.007 
0.007 
0.003 
0.01 1 

SD  RSD 

NA 
0.22 
0.02 
0.40 
0.28 
0.35 
0.02 
0.10 
0.07 
0.07 
0.000 
0.01 7 
0.029 
0.020 
0.028 
0.00 1 
0.013 
0.002 
0.004 
0.021 
0.003 
0.007 
0.005 
0.01 0 
0.002 
0.001 
0.003 
0.002 
0.000 
0.001 
0.002 
0.001 
0.002 

NA 
4.9% 
5.5% 
0.7% 
2.9% 
2.2% 
1.5% 
1.6% 
6.3% 
6.5% 
0.0% 
9.4% 

11.4% 
11 .O% 
14.6% 
7.2% 

14.4% 
6.0% 

10.6% 
20.3% 
6.2% 
8.2% 

19.7% 
42.1 % 
12.8% 
8.6% 

15.8% 
14.9% 
24.4% 
16.3% 
32.9% 
35.8% 
15.8% 
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Compound 
Date 
Time 

Nitrogen 
Methane 
Ethane 
Propane 
i-Butane 
n-Butane 
i-Pentane 
n-Pentane 
n-Hexane 
Hexanes 
Benzene 
Heptanes 
Toluene 
Octanes 
Ethyl  benzene 
Xylenes 
Nonanes 
Decanes  Plus 
Decanes+ MW 
Decanes+ SG 

API  Gravity 
RVP 

SOBTOl SOBT02 
9/29/95 1 0/1/95 

7:52 PM 8:48 AM 

0.00 
0.00 
0.1 1 
1.81 
0.63 
3.94 
2.25 
3.04 
2.32 
2.69 
0.1 5 

11.09 
0.54 

10.15 
0.09 
0.30 
5.28 

55.61 
224 

0.893 

38.23 
8.10 

0.00 
0.00 
0.12 
1.82 
0.63 
3.99 
2.31 
3.10 
2.37 
2.78 
0.15 

11.19 
0.54 

10.22 
0.09 
0.30 
5.29 

55.08 
227 

0.895 

38.39 
8.00 

10/2/95 
1050 AM 

0.00 
0.00 
0.1 1 
1.86 
0.66 
4.05 
2.36 
3.12 
2.39 
2.80 
0.1 5 

11.17 
0.54 

10.16 
0.09 
0.28 
5.34 

54.90 
228 

0.895 

39.08 
8.00 

SOBT03 Average 

0.00 
0.00 
0.1 1 
1.83 
0.64 
3.99 
2.31 
3.09 
2.36 
2.76 
0.15 

11.15 
0.54 

10.18 
0.09 
0.29 
5.30 

55.20 
226 

0.894 

38.57 
8.03 

- 

RSD 

NA 
NA 

5.1 % 
1.4% 
2.7% 
1.4% 
2.4% 
1.3% 
1.5% 
2.1 % 
0.0% 
0.5% 
0.0% 
0.4% 
0.0% 
3.9% 
0.6% 
0.7% 
0.9% 
0.1 % 

1.2% 
0.7% 

D-4 
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API TANKS: SITE 2 
PROCESS DATA 

Date Time 

Nov. 28,1995 9:00 
Nov. 29,1995 13:45 

22:08 
Nov. 30,1995  8:30 

10:18 
10:25 
10:41 
1150 
12:23 
14:OO 
14:55 
15:lO 

Averages 
Average during 
flow and wnc 
measurements 

Separator Separator Oil Produdion 
Temp.(F) Press.(psig) (bopd) 

124 
115 
125 
123 
113 
111 
110 
113 
112 
113 
112 
110 

115 

112 

30 
30 
30 

NM 
NM 
NM 
NM 

NM 

NM 
NM 

30 

30 

30 

1614 
1614 
1614 
1614 
1614 
1614 
1614 
1614 
1614 
1614 
1614 
1614 

1614 
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API Tanks  Site 2 

Separator  Gas  Composition  (Mole%) 

Compound 
Date 
Time 

Oxygen 
Nitrogen 
Carbon  Dioxide 
Methane 
Ethane 
Propane 
lsobutane 
N-butane 
lsopentane 
N-pentane 
2,2dimethylbutane 
2-Methylpentane 
3-Methylpentane 
N-hexane 
Methylcyclopentane 
Benzene 
Cyclohexane 
2-Methylhexane 
3-Methyl  hexane 
Dirnethylcyclopentanes 
n-Heptane 
Methylcyclohexane 
Trimethylcyclopentanes 
Toluene 
2-Methylheptane 
3-Methylheptane 
Dimethylcyclohexanes 
n-Octane 
Ethylbenzene 
Xylenes 
C9  Unknowns 
n-Nonane 
Decanes+ 

Average 

0.06 
6.53 
0.75 

24.81 
27.81 
24.09 
2.90 
7.97 
1.56 
1.90 

0.026 
0.31  9 
0.225 
0.383 
0.138 
0.043 
0.098 
0.05 1 
0.051 
0.063 
0.080 
0.070 
0.01  3 
0.01 0 
0.01 3 
0.01 0 
0.007 
0.01 1 
0.000 
0.002 
0.001 
0.001 
0.001 
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API Tanks  Site 2 

Separator Oil Composition (Mole%) 

Compound 
Date 
Time 

Nitrogen 
Carbon  Dioxide 
Hydrogen  Sulfide 
Methane 
Ethane 
Propane 
i-Butane 
n-Butane 
i-Pentane 
n-Pentane 
n-Hexane 
Hexanes 
Benzene 
Heptanes 
Toluene 
Octanes 
Ethylbenzene 
Xylenes 
Nonanes 
Decanes  Plus 

Decanes+ MW 
Decanes+ SG 

SCCYOl  SCCYO2  Average 
1  1  E9195 1 1  /30/95 
3:20 PM 10:25 AM 

0.01 
0.03 
0.01 
0.20 
2.31 
7.14 
2.1 1 
7.37 
3.36 
4.80 
3.64 
3.04 
0.43 
7.37 
0.38 

11.11 
0.25 
1.57 

17.25 
27.62 

485 
0.883 

0.03 
0.02 
0.00 
0.30 
2.44 
6.85 
2.02 
7.21 
3.39 
4.73 
3.62 
2.95 
0.46 
7.50 
0.47 

11.16 
0.25 
1.60 

17.31 
27.70 

484 
0.878 

0.02 
0.03 
0.01 
0.25 
2.38 
7.00 
2.07 
7.29 
3.38 
4.77 
3.63 
3.00 
0.45 
7.44 
0.43 

11.14 
0.25 
1.59 

17.28 
27.66 

485 
0.881 

RSD 

70.7% 
28.3% 

141.4% 
28.3% 
3.9% 
2.9% 
3.1 % 
1.6% 
0.6% 
1 .O% 
0.4% 
2.1% 
4.8% 
1.2% 

15.0% 
0.3% 
0.0% 
1.3% 
0.2% 
0.2% 

0.1% 
0.4% 
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API Tanks  Site 2 

Sales Oil Composition  (weight%) 

Compound 
Date 
Time 

Nitrogen 
Methane 
Ethane 
Propane 
i-Butane 
n-Butane 
i-Pentane 
n-Pentane 
n-Hexane 
Hexanes 
Benzene 
Heptanes 
Toluene 
Octanes 
Ethylbenzene 
Xylenes 
Nonanes 
Decanes  Plus 

API  Gravity 
RVP 

SOBTOl 
1 1 /30/95 
2:40 PM 

0.00 
0.00 
0.04 
0.61 
0.34 
1.58 
1.04 
1.70 
0.00 
3.09 
0.00 
5.49 
0.00 
6.35 
0.00 
0.00 
4.68 
75.07 

43.23 
8.70 
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ACO151 A f t u b n k d u m p  Tuadmy, Jnury30,1996 
ACO161 

10:40:58  AM 
11 :e01 AM 
1233:s PM 

1 :14:37 PM 
2 1  1 :01 PM 
4:39:58 PM 
5:27:09 PM 
6:16:43 PM 
7:06:17 PM 
75635 PM 
8:46:48 PM 
9:37:26 PM 

10:28:06 PM 
1 1 :18:50 PM 
1208:31 AM 
1m12AM 
l:50:43  AM 
2:40:34  AM 
7330348  AM 
8:1825 AM 

10141 51 AM 
11:30:04  AM 
12:18:57 PM 
1:06:15 PM 
1:58:14 PM 
2:48:18 PM 
3:3623 PM 
5:24:49 PM 
6:13:44 PM 
7:m4Q PM 
751 :56 PM 
am21 PM 
@:a41 PM 

10:16:58 PM 
11 :05:14 PM 
11 53:P PM 
1241 25 AM 
1:=.26  AM 
21720 AM 
3:05a7 AM 
3:5248 AM 
4 : a a  AM 
5:n:u AM 
6:15:01  AM 
7:m13 AM 
9:54:10  AM 

10:44:48 AM 
11:3553AM 
125233 PM 
3:34:59 PM 
4ZZ PM 
5:14:42  PM 
6:03:31 PM 
651 S PM 
7:4O:43 PM 
a m 5 7  PM 
&17m PM 

l(M14:MPM 
105230PM 
11:4O:10 PM 
1227:35AM 
1:14SAM 
2OlsAM 
2:49:02 AM 
3:3(1:02 AM 
4:=52 AM 
5 m 3 5  AM 
5:56:18  AM 
6:-  AM 

3.36 
21.71 
3.05 
4.48 
4.26 

21.68 
4.00 
3.61 
4.35 
3.61 
3.39 
3.59 
2.68 
3.16 
2.78 
274 

3.11 
2.57 
5.21 
4.18 

3.58 
4.08 

21.08 
4.50 

21 .I 
21 .e5 
10.40 
3.54 
3.98 
2.m 
3 a  
3.80 
3.66 
4 . 0  
20  
3.70 
3.73 
3.84 
4.07 

l o a  
3.51 
2 2  
3.00 
3.52 
3.06 
4.33 
0.00 
5.10 
4.71 
4.w 

4.m 
5.1 1 
5.13 
4 . a  
4.59 
5.m 
4.73 
4.73 
4.51 
4.81 
4.36 
4.19 

4.98 

4.00 

21 .To 
5.05 
4.67 

1S.P 

78.29 
1203 

11 -71 
16.14 
16.17 
78.32 
15.29 
13.11 
16.53 
13.84 
13.05 
13.77 
11.42 
12.17 
10.71 
9.60 

10.90 
9.84 

19.59 
15.80 
18.87 
13.74 
15.58 
78.32 
17.09 
78.32 
78.35 
38.3 
13.49 
15.08 
11.45 
1254 
13.72 
1332 
18.52 
11.06 
14.42 
14.19 
15.90 
15.47 
37.88 
13.58 
8.87 

13.53 
11.76 
16.44 

1 9.26 
0.00 

17.m 

1 8 2  
18.51 
19.30 
19.44 
17.07 
17.49 
19.15 

17.m 
172l 
1824 
16.65 
16.09 
78.30 
10.16 
17.73 

13.n 

17.m 

11.00 

M.thn 
35.52 
36.75 
0.00 

38.24 
33.90 
34.03 
0.00 

34.70 
35.55 
3258 
33.68 
33.03 
33.04 
33.30 
32.50 
31.42 
3021 

32.00 
32.81 
35.32 
33.15 
31.05 
32.10 
31.64 
0.00 

30.14 
0.00 
0.00 

3258 
19.62 

3247 
3291 
3292 
32.49 
32.48 
30.93 
33.58 
32.53 
32.34 
32.1  1 

20.34 
33.19 
35.43 
33.93 
34.34 
34.24 
31.97 
0.00 

30.52 
30.76 
Jo.73 

31 aB 
31.12 
30.82 
30- 
30.98 

30.61 

32.00 

3o.m 

30.n 

28.20 
29.08 
0.00 

29.38 
27.41 
26.75 

27.77 
0.00 

28.87 
27.19 
27.91 
28.68 
26.29 
29.71 
29.53 
33.29 
35.15 

33.88 
34.38 
31 69 
30.38 
27.68 
30.95 
29.40 
0.00 

29.50 
0.00 
0.00 

20.1  1 
31.93 
30.90 
32.79 
31.82 
30.92 
30.78 

32.a 
27.89 

30.52 
30.40 
29.58 
2932 
19.54 
31.13 
34.74 
30.83 
30.73 
31.14 
28.85 

100.00 
28.m 
29.59 
2Q.a 
2Q.00 

28.43 
27.a 
Jo.16 
2Q.86 
28.26 
a.62 

2Q.m 

3 1 a  2Q.W 
3 1 3  30.37 
3 1 2  2Qa 
31.43 30.75 
31.67 31.38 
0.00 0.00 

30.02 m.64 
30.40 2g.m 

17.10 
17.88 
0.00 

17.63 
18.07 
18.79 
0.00 

18.25 
18.86 
19.36 
20.96 
20.94 
21.31 
P.90 
2264 
21.80 
P.OO 

20.1  3 
20.60 
8.19 

16.49 
17.41 
19.63 
19.29 

18.77 
0.00 

0.00 
0.00 

11.28 
18.48 
17.62 
19 ,s  
19.43 
19.27 
19.14 
17.97 
19.86 
18.75 
19.35 
18.56 
18.54 
1l.W 
18.52 
18.68 
17.88 
17.0 
19.79 
18.42 
0.00 

16.45 
17.05 

1727 
17.18 

15.61 
15.98 
16.W 
17.4 
17.08 
16.77 
17.03 
16.S 
16.61 
16.50 
16.81 
16.66 
0.00 

15.50 
16.94 

Tdrl 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

100 
100 
100 
100 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

loo 

100 

100 
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API Tanks Site 3 

Sample (AP13-) 
Date 
Time 

Nitrogen 
Methane 
Ethane 
Propane 
i-Butane 
+Butane 
Neopentane 
i-Pentane 
n-Pentane 
Hexanes 
Heptanes 
Octanes 
Nonanes 
Decanes Plus 

API Gravity 
RVP 

Sales Oil Composition  (weight%) 

SOBTOl  SOBT02 SOBTO2d SOBT03 Average 
1 /30/96 2/1 I96 2/1/96 2/1/96 

12:lO PM 12:07 PM 12:lO PM 1:lO PM 

0.00 
0.00 
0.05 
0.35 
0.48 
0.59 
0.04 
1.25 
0.82 
3.36 
9.1 5 
9.32 
8.34 

66.25 

48.75 
7.45 

0.00 
0.00 
0.06 
0.38 
0.52 
0.63 
0.04 
1.31 
0.85 
3.48 
9.28 
9.10 
8.29 

66.06 

48.04 
8.34 

D-25 

0.00 
0.00 
0.06 
0.41 
0.53 
0.64 
0.04 
1.32 
0.86 
3.50 
9.37 
9.21 
8.32 

65.74 

48.82 
8.48 

0.00 
0.00 
0.06 
0.40 
0.53 
0.64 
0.04 
1.33 
0.86 
3.52 
9.38 
9.21 
8.28 

65.75 

48.77 
8.36 

0.00 
0.00 
0.06 
0.38 
0.51 
0.62 
0.04 
1.30 
0.85 
3.46 
9.29 
9.23 
8.31 

65.97 

48.78 
8.07 
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STD.API/PETRO P U B L  4662-ENGL I1997 m 0732290 0608831  671 m 

AP13- 
Date 
Time 
Pressure  (psig) 

Oxygen 
Nitrogen 
Carbon  Dioxide 
Methane 
Ethane 
Propane 
i-Butane 
n-Butane 
i-Pentane 
n-Pentane 
n-Hexane 
Other  Hexanes 
Heptanes 
Octanes 
Nonanes 
Decanes+ 
Benzene 
Toluene 
Ethylbenzene 

*Xylenes 

API Tanks Site 3 
Separator  Gas  Composition (mole%) 

SGCYOl SGCYO2 SGCY02d Day 2  SGCY03 Days 283 
1/30/96  1/31/96  1/31/96 Average 2/1/96 Average 

9:02 AM 9:13 AM 9:16 AM 934 AM 
26 24 20 22 20 21 .o 

0.05 0.02 0.14 0.08 0.05 0.07 
0.59 0.59 0.59 0.59 0.89 0.74 
2.97 9.89 10.50 10.20 9.67 9.93 

98.35 46.59 46.41 46.50 52.71 49.61 
6.19 25.62 25.59 25.61 21.02 23.31 
1.50 10.69 10.59 10.64 8.88 9.76 
0.38 2.71 2.61 2.66 2.52 2.59 
0.27 1.80 1.72 1.76 1.78 1.77 
0.1  8 0.89 0.80 0.85 0.96 0.90 
0.09 0.39 0.35 0.37 0.44 0.41 

0.042 0.103 0.091 0.097 0.127 0.1 1 
0.143 0.417 0.373 0.395 0.512 0.45 
0.085 0.132 0.110 0.121 0.193 0.16 
0.033 0.026 0.023 0.025 0.050 0.04 
0.017 0.006 0.005 0.006 0.017 0.01 
0.035 0.005 0.004 0.005 0.009 0.01 
0.026 0.081 0.068 0.075 0.104 0.09 
0.022 0.033 0.023 0.028 0.052 0.04 
0.002 0.001 0.001 0.001 0.002 0.00 
0.014 0.004 0.003 0.004 0.017 0.01 

D-26 
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STD=API/PETRO PUBL 4bb2-ENGL 1997 0732290 Ob08843  393 

API Tanks Site 4 

Sales Oil Composition (weight%) 

Sample (APid) SOBTOl SOBT02 SOBT03 SOBTOM Average 
Date 4/1/96 4/2/96 4/2/96 4/2/96 
Time 8:53AM 8:04AM 6:38 PM 6:43 PM 

Nitrogen 
Methane 
Ethane 
Propane 
&Butane 
n-Butane 
Neopentane 
i-Pentane 
n-Pentane 
Hexanes 
Heptanes 
Octanes 
Nonanes 
Decanes  Plus 

0.00 0.00 
0.00 0.00 
0.02 0.01 
0.24 0.22 
0.29 0.29 
0.54 0.55 
0.01 0.01 
0.67 0.68 
0.59 0.59 
1.43 1.62 
3.98 4.19 
2.87 3.07 
2.94 3.15 

86.42 85.62 

0.00 
0.00 
0.01 
0.22 
0.28 
0.53 
0.01 
0.66 
0.58 
1.42 
3.95 
2.88 
2.89 

86.57 

NIA 
NIA 
NtA 
NIA 
NIA 
NIA 
NIA 
WA 
NIA 
NIA 
NIA 
N/A 
NIA 
NIA 

0.00 
0.00 
0.01 
0.23 
0.29 
0.54 
0.01 
0.67 
0.59 
1.49 
4.04 
2.94 
2.99 

86.20 

API  Gravity 36.9 28.6 35.5 30.8 32.88 
RVP 5.2 5.4 5.5 6.0 5.45 

Sample  Taken 
at HT 
0i11 

4/3/96 
8 5 0  AM 

0.00 
0.00 
0.02 
0.21 
0.26 
0.50 
0.01 
0.64 
0.57 
1.43 
4.08 
3.01 
3.07 

86.20 

36.8 
N/A 
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STD.API/PETRO PUBL 4bb2-ENGL 1997 0732290 Ob08844 22T 

API Tanks Site 4 
Low Pressure Separator Gas Composition (mole%) 

4P14- 
3ate 
rime 
lressure (psig) 

w ! P n  
Nitrogen 
Carbon  Dioxide 
Methane 
Ethane 
Propane 
i-Butane 
n-Butane 
i-Pentane 
nPentane 
n-Hexane 
Other Hexanes 
Heptanes 
Octanes 
Nonanes 
Decanes+ 
Benzene 
Toluene 
Ethylbenzene 
Xylenes 

SGCYO1 SGCYOZ SGCY03 SGCY03d 
03/31/96 04/01/96 04/02/96 04/02/96 

09:34 10:06 09:45 09:45 
80 80 80 80 

0.00 0.00 0.00 0.00 
0.17 0.04 0.30 0.05 
0.69 0.69 0.68 0.69 

71.14 71.71 71.52 71.45 
9.96 9.97 9.96 9.91 
9.10 9.02 8.98 8.99 
2.56 2.49 2.41 2.51 
3.08 2.93 2.79 2.99 
1.21 1.12 0.91 1.13 
0.84 0.71 0.59 0.73 

0.1 88 0.1 90 0.134 0.21  1 
0.675 0.677 0.401 0.747 
0.241 0.291 0.290 0.371 
0.057 0.076 0.302 0.120 
0.005 0.003 0.1 06 0.010 
0.001 0.013 0.455 0.026 
0.050 0.023 0.016 0.026 
0.01  9 0.025 0.068 0.033 
0.001 0.001 0.014 0.001 

I 0.004  0.003  0.074 0.00s 

RSDl Average 

0.00 NA 
0.13 57.0% 
0.69  0.5% 

71.45 0.4% 
9.96 0.2% 
9.04 0.7% 
2.50 2.0% 
2.97 3.4% 
1.12 8.8% 
0.74 12.6% 

0.1 83 5.1% 
0.642 9.2% 
0.288 15.7% 
0.115 72.9% 
0.022 141.7% 
0.085 159.0% 
0.031 51.6% 
0.032 53.0% 
0.003 1  18.4% 
0.016 135.6% 
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API Tanks Site 4 

Heater  Treater Gas Composition (mole%) 
Looks more  like high pressure  separator gas 

(AP14- I HTFGOl HTFGOZ HTFG03 HTFG03d Day 3) Average RSD I 
Date 

46  46  47  47 Pressure (psig) 
09:oo 09:43  09:18  09:18 Time 

03/31/96  04/01 196 04/02/96  04/02/96 RPD 

Oxygen 
Nitrogen 
Carbon  Dioxide 
Methane 
Ethane 
Propane 
i-Butane 
n-Butane 
i-Pentane 
n-Pentane 
n-Hexane 
Other  Hexanes 
Heptanes 
Octanes 
Nonanes 
Decanes+ 
Benzene 
Toluene 
Ethylbenzene 
Xylenes 

0.00 
0.15 
0.23 

89.93 
4.91 
2.78 
0.63 
0.68 
0.23 
0.1 5 

0.039 
0.1 34 
0.058 
0.012 
0.005 
0.039 
0.004 
0.004 
0.001 
0.003 

0.00 . 0.00 
0.28 0.00 
0.22 0.29 

89.65 89.91 
4.86 4.87 
2.78 2.79 
0.64 0.64 
0.70 0.70 
0.25 0.25 
0.17 0.16 

0.054 0.049 
0.1  83 0.1  68 
0.1  09 0.093 
0.044 0.037 
0.005 0.008 
0.032 0.010 
0.007 0.005 
0.01  1 0.008 
0.001 0.001 
0.004 0.005 

0.00 
0.16 
0.24 

89.81 
4.91 
2.78 
0.63 
0.68 
0.24 
0.15 

0.050 
0.1 74 
0.1  08 
0.048 
0.005 
0.002 
0.005 
0.008 
0.001 
0.002 

ERR 
-200.0% 

17.7% 
0.1 % 

0.5% 
1.8% 
2.3% 
2.3% 
8.7% 

-0.7% 

-1.8% 
-3.1 % 

-1 5.2% 
-26.3% 
48.3% 

130.7% 
8.7% 
2.3% 

30.8% 
92.7% 

0.00 NA 
0.17 59.7% 
0.24 9.5% 

89.81 0.2% 
4.89 0.4% 
2.78 0.2% 
0.64 0.7% 
0.69 1.3% 
0.24 4.1% 
0.16 6.3% 

0.048 16.1% 
0.162 15.7% 
0.089 30.5% 
0.033 54.9% 
0.006 16.6% 
0.026 68.5% 
0.005 27.8% 
0.008 45.6% 
0.001 9.9% 
0.004 14.3% 
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API Tanks Site 4 

Sales Oil Composition (weight%) 

Sample (AP14-) SOBTOl SOBT02 
Date 4/1/96 412196 
Time 8:53 AM 8:04  AM 

Nitrogen 
Methane 
Ethane 
Propane 
i-Butane 
n-Butane 
Neopentane 
i-Pentane 
n-Pentane 
Hexanes 
Heptanes 
Octanes 
Nonanes 
Decanes Plus 

API  Gravity 
RVP 

0 .oo 
0.00 
0.02 
0.24 
0.29 
0.54 
0.01 
0.67 
0.59 
1.43 
3.98 
2.87 
2.94 

86.42 

36.9 
5.2 

0.00 
0.00 
0.01 
0.22 
0.29 
0.55 
0.01 
0.68 
0.59 
1.62 
4.19 
3.07 
3.15 

85.62 

28.6 
5.4 

D-43 

SOBT03  SOBT03d Average 
4/2/96 4/2/96 

6:38  PM 6:43 PM 

0.00 
0.00 
0.01 
0.22 
0.28 
0.53 
0.01 
0.66 
0.58 
1.42 
3.95 
2.88 
2.89 

86.57 

35.5 
5.5 

NIA 
NIA 
NIA 
NIA 
NIA 
NIA 
WA 
WA 
NIA 
NIA 
NIA 
NIA 
MA 
NIA 

30.8 
6.0 

0.00 
0.00 
0.01 
0.23 
0.29 
0.54 
0.01 
0.67 
0.59 
1.49 
4.04 
2.94 
2.99 

86.20 

32.88 

Sample Taken 
at HT 
0i11 

4/3/96 
8:50 AM 

0.00 
0.00 
0.02 
0.21 
0.26 
0.50 
0.01 
0.64 
0.57 
1.43 
4.08 
3.01 
3.07 

86.20 

36.8 
5.45 NIA 
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STD.API /PETRO PUBL Ybb2-ENGL 1997 0732290 Ob04447 T39 

API Tanks Site 4 

Heater  Treater Gas Composition (mole%) 
Looks more  like 
AP14- 
Date 
Time 
Pressure  (psig) 

Oxygen 
Nitrogen 
Carbon  Dioxide 
Methane 
Ethane 
Propane 
i-Butane 
n-Butane 
i-Pentane 
n-Pentane 
n-Hexane 
Other Hexanes 
Heptanes 
Octanes 
Nonanes 
Decanes+ 
Benzene 
Toluene 
Ethylbenzene 
Xylenes 

gh pressure  separator  gas 
HTFGOl HTFG02 HTFGO3 HTFG03d Day3 
03/31 196 04/01 196 04/02/96  04/02/96 RPD 

09:oo 09:43 09:18 09:18 
46 46 47 47 

0.00 
0.1 5 
0.23 

89.93 
4.91 
2.78 
0.63 
0.68 
0.23 
0.1 5 

0.039 
0.134 
0.058 
0.012 
0.005 
0.039 
0.004 
0.004 
0.001 
0.003 

0.00 ' 0.00 
0.28 0.00 
0.22 0.29 

89.65 89.91 
4.86 4.87 
2.78 2.79 
0.64 0.64 

. 0.70 0.70 
0.25 0.25 
0.17 0.16 

0.054 0.049 
0.183 0.168 
0.109 0.093 
0.044 0.037 
0.005 0.008 
0.032 0.010 
0.007 0.005 
0.01  1 0.008 
0.001 0.001 
0.004 0.005 

0.00 
0.16 
0.24 

89.81 
4.91 
2.78 
0.63 
0.68 
0.24 
0.15 

0.050 
0.174 
0.108 
0.048 
0.005 
0.002 
0.005 
0.008 
0.001 
0.002 

ERR 
-200.0% 

17.7% 
0.1 % 

-0.7% 
0.5% 
1.8% 
2.3% 
2.3% 
8.7% 

-1.8% 
-3.1 % 

-1 5.2% 
-26.3% 
48.3% 

130.7% 
8.7% 
2.3% 

30.8% 
92.7% 

Average RSD 

0.00 NA 
0.17 59.7% 
0.24 9.5% 

89.81 0.2% 
4.89 0.4% 
2.78 0.2% 
0.64 0.7% 
0.69 1.3% 
0.24 4.1% 
0.16 6.3% 

0.048 16.1% 
0.162 15.7% 
0.089 30.5% 
0.033 54.9% 
0.006 16.6% 
0.026 68.5% 
0.005 27.8% 
0.008 45.6% 
0.001 9.9% 
0.004 14.3% 
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API Tanks Site 4 
Low Pressure  Separator Gas Composition  (mole%) 
c 

I 

I 

I 

I 

I 
I 
I 
i 

i 
I 

I 
I 
I 

I 

1 
I 

L 

4P14- 
3ate 
rime 
Jressure (psig) 

3xygen 
Nitrogen 
Sarbon  Dioxide 
Methane 
Ethane 
Propane 
i-Butane 
n-Butane 
i-Pentane 
nPentane 
n-Hexane 
Other Hexanes 
Heptanes 
Octanes 
Nonanes 
Decanes+ 
Benzene 
Toluene 
Ethylbenzene 
Xylenes 

SGCYOl SGCYO2 SGCY03 SGCY03d 
03/31/96 04/01/96 04/02/96 04/02/96 

09:34 10:06 09:45 09:45 
80 80 80 80 

0.00 0.00 0.00 . 0.00 
0.17 0.04 0.30 0.05 
0.69 0.69 0.68 0.69 

71.14 71.71 71.52 71.45 
9.96 9.97 9.96 9.91 
9.10 9.02 8.98 8.99 
2.56 2.49 2.41 2.51 
3.08 2.93 2.79 2.99 
1.21 1.12 0.91 1.13 
0.84 0.71 0.59 0.73 

0.188 0.190 0.134 0.21  1 
0.675 0.677 0.401 0.747 
0.241 0.291 0.290 0.371 
0.057 0.076 0.302 0.120 
0.005 0.003 0.106 o.om 
0.001 0.013 0.455 0.026 
0.050 0.023 0.016 0.026 
0.019 0.025 0.068 0.033 
0.001 0.001 0.014 0.001 
0.004 0.003 0.074 0.009 

Average RSD 

0.00 NA 
0.13 57.0% 
0.69 0.5% 

71.45 0.4% 
9.96 0.2% 
9.04 0.7% 
2.50 2.0% 
2.97 3.4% 
1.12 8.8% 
0.74 12.6% 

0.183 5.1% 
0.642 9.2% 
0.288 15.7% 
0.115 72.9% 
0.022 141.7% 
0.085 159.0% 
0.031 51.6% 
0.032 53.0% 
0.003 11 8.4% 
0.016 135.6% 

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS
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STD.API/PETRO PUBL 4bbZ-ENGL 1997 = 0732290 Ob08856 T 4 L  

Site 4 Dilution Gauge  Settings 

Dilution 
Date  Time  Gauge 

3-31 -96 
3-31 -96 
3-3  1 -96 
3-31 -96 
3-31-96 
3-31-96 
4-1-96 
41-96 
41-96 
4-1  -96 
4-1 -96 
4-2-96 
4-2-96 
4-2-96 
4-2-96 
4-2-96 
4-2-96 
4-3-96 

11:35 
1459 
1557 
1558 
16:OS 
1822 
07:30 
1o:oo 
1259 
15:41 
18:36 
07:35 
10:45 
12:45 
15:21 
16:49 
18:27 
07:44 3 
‘737 m ,‘e 

25 
24 

23.9 
30 
20 
25 
25 
30 
30 

30.5 
25 
25 
30 
30 
30 
30 
30 
25 

Dilution  Sample  Sample 
Flow Gauge Flow 
mUmin 

422.80 
414.96 
414.18 
468.80 
382.20 
422.80 
422.80 
468.80 
468.80 
465.93 
422.80 
422.80 
468.80 
468.80 
468.80 
468.80 
468.80 
422.80 

- 
mUmin 

30 21.90 
29.8  22.06 
29.2 21.54 
30 21.90 
35 26.49 
30 21.90 

30.8  22.91 
25 17.96 

24.7 17.71 
25.8  18.65 
30 21.90 
30 21.90 
30 21.90 
30  21.90 
30 21.90 
30 21 .QO 
35  26.49 

33.8  25.47 

Dilution 
Ratio 

20.31 
19.81 
20.22 
22.41 
15.43 
20.31 
19.46 
27.1 0 
27.47 
25.99 
20.31 
20.31 
22.41 
22.41 
22.41 
22.41 
18.70 
17.60 
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API Tanks Site 5 
Process Data 

Heater  Treater  Pressure 

Date 

04/30/96 

05/01/96 

0510 1/96 

05/02/96 

05/03/96 

Time 

0951 
11:09 
15:45 
19:  30 
07:40 
Day 1 
10:26 
13:37 
20: 08 
Day 2 
0850 
09:33 
1153 
16:47 
19:w 
09:oo 
Day 3 

Overall  Average= 

Sales Oil TemDerature 

Date 

Pressure  Comment 
Psig 

28 
28  sample 
30 
30 
26 

28.4 
28 sample 
30 
29 sample 

29.0 
26 
26 sample 
30 
33 
30 sample 
26 

28.5 

28.6 psig 

Production 
7:OO a.m. - 7:OO a.m. 
Date 

Oil Production (bbl) 
Gas  Production (MMscf) 
LfJ Gas (Mscf) 
Oil Withdrawn (bbl) 

Truck Oil Withdraws 

1 
2 
3 
4 
5 
6 
7 

Average truck size= 

Day 1 
04/30/96 

457 
10.9315 

164.3 
841.4 

Date 
04130196 
04130196 
0413W96 
05/01196 
QSIQ1196 
05/02/96 
05103196 

210.4 bbl 

Day 2 
05/01/96 

458 
10.9293 

157.5 
420.7 

Time 
12:oo 
16% 
20:05 
03:40 
16:30 
03:40 
03:40 

Day 3 Average 
05102/86 

439 451 
10.6776 10.8461 

153.9 158.6 
210.4 490.8 

Time  Temperature 
deg. F 

04130/96 1695 76 
05/01196 1445 84 
05/01/96  20:29  73 
05/02/96 17:OO 86 
05/03/96 09: 18 69 stagnant  line 
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STD*API/PETRO PUBL 4bb2-ENGL 1997 0732290 0b088b4 018 
~~ ~~ 

API Tanks Site 5 

Sales Oil Composition (mole%) 

Sample (APIS-) 
Date 
Time 

Nitrogen 
Methane 
Ethane 
Propane 
i-Butane 
n-Butane 
i-Pentane 
n-Pentane 
n-Hexane 
Hexanes 
Heptanes 
Octanes 
Nonanes 
Decanes  Plus 

Benzene 
Toluene 
Ethylbenzene 
Xylenes 

API  Gravity 
RVP 

SOBTO1 SOBT02 
04/30/96 05/01/96 

16:27 

0.00 
0.03 
0.45 
1.42 
1.35 
1.62 
2.74 
1.81 
2.12 
4.19 
9.85 

11.81 
6.92 

44.40 

2.31 
5.00 
0.21 
3.78 

48.80 
7.27 

20:38 

0.00 
0.03 
0.48 
1.47 
1.37 
1.63 
2.73 
1.80 
2.08 
4.44 
9.66 

1 1.72 
6.87 

44.87 

2.27 
4.93 
0.22 
3.72 

48.76 
7.63 

SOBTO3  SOBT03d Average 
05/03/96  05/03/96 

09:21 

0.00 
0.03 
0.45 
1.44 
1.36 
1.62 
2.75 
1.81 
2.1 1 
4.26 
9.87 

12.14 
6.90 

44.03 

2.29 
4.98 
0.22 
3.74 

48.66 
7.30 

09:23 

0.00 
0.02 
0.42 
1.39 
1.33 
1.60 
2.74 
1.80 
2.12 
4.27 
9.94 

11.99 
6.99 

44.03 

2.30 
5.04 
0.22 
3.79 

48.83 
7.28 

0.00 
0.03 
0.46 
1 . 4 4  
1.36 
1.62 
2.74 
1.81 

4.20 
9.81 

11.87 
6.91 

44.43 

2.29 
4.98 
0.22 
3.76 

48.77 
7.40 
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API Tanks Site 5 

Sales Oil Composition (weight%) 

Sample  (APIS-) SOBTOl SOBT02 
Date 04/30/96  05/01/96 
Time 

Nitrogen 
Methane 
Ethane 
Propane 
i-Butane 
n-Butane 
i-Pentane 
n-Pentane 
n-Hexane 
Hexanes 
Heptanes 
Octanes 
Nonanes 
Decanes  Plus 

Benzene 
Toluene 
Ethylbenzene 
Xylenes 

APl  Gravity 
RVP 

16:27 

0.00 
0.00 
0.09 
0.39 
0.49 
0.59 
1.25 
0.82 
1.15 
2.22 
6.02 
8.26 
5.36 

66.68 

1.14 
2.90 
0.14 
2.52 

48.80 
7.27 

20:38 

0.00 
0.00 
0.09 
0.41 
0.50 
0.60 
1.24 
0.82 
1.13 
2.1 9 
5.90 
8.20 
5.32 

67.00 

1.11 
2.86 
0.14 
2.48 

48.76 
7.63 

SOBT03  SOBT03d Average 
05/03/96  05/03/96 

09:21 

0.00 
0.00 
0.09 
0.40 
0.50 
0.59 
1.25 
0.82 
1.14 
2.25 
6.03 
8.49 
5.35 

66.44 

1.12 
2.88 
0.1  5 
2.50 

48.66 
7.30 

09:23 

0.00 
0.00 
0.08 
0.39 
0.49 
0.59 
1.24 
0.82 
1.15 
2.26 
6.07 
8.38 
5.41 

66.39 

1.13 
2.92 
0.1 5 
2.53 

48.83 
7.28 

0.00 
0 .oo 
0.09 
0.40 
0.50 
0.59 
1.25 
0.82 

2.22 
5.99 
8.30 
5.35 

66.70 

1.13 
2.89 
0.14 
2.51 

48.77 
7.40 

D-63 
Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



STD.API/PETRO PUBL 4662-ENGL 1997 rn 0732290 O b O B B b b  990 rn 

API Tanks Site 5 
Separator  Gas Composition (mole%) 

AP15 
04/30/96  05/01  /96  05/02/96  05/02/96 Date 
SGCYOl  SGCYO2 SGCY03 SGCY03d 

32 32 30 30 Pressure (psig) 
10:52  10:15  09:25  09:25 Time 

Oxygen 
Nitrogen 

0.00 0.00 0.00 0.00 

55.84 54.29  64.01 63.70 Methane 
9.81 9.42  9.63 9.67 Carbon  Dioxide 
0.00 0.00 0.55 0.55 

8.33  9.03  5.76 5.81 Propane 
19.00  18.31 14.56 14.59 Ethane 

i-Butane 2.46 2.86  1.75  1.80 
n-Butane 1 .SO 2.1 0 1.30 1.35 
i-Pentane 1.02 1.25 0.79 0.82 
n-Pentane 0.48 0.67 0.38 0.41 
n-Hexane 0.152 0.230 0.1 53 0.1 58 
Other Hexanes 0.582 0.863 0.552 0.558 
Heptanes 

0.028 0.036 0.012 0.023 Decanes+ 
0.024  0.034 0.014 0.014 Nonanes 
0.062 0.1 33 0.069 0.067 Octanes 
0.21 3 0.409 0.265 0.266 

0.022 0.032 0.012 0.014 Kylenes 
0.002 0.002 0.001 0.002 Ethylbenzene 
0.056 0.133  0.070  0.074 Toluene 
0.1 18  0.1  98  0.120  0.124 Benzene 

Average RSD 

~~ 

0.00 NA 
0.1 8  173.2% 
9.62 2.0% 

58.00 8.9% 
17.30 13.8% 
7.72 22.1 % 
2.37 23.3% 
1.74 22.4% 
1.03 21.7% 
0.51 27.1 % 

0.179 24.6% 
0.667 25.6% 
0.296 34.4% 
0.088 45.1 % 
0.024 41.9% 
0.027 34.5% 
0.1  46 30.9% 
0.087 46.9% 
0.002 16.3% 
0.023 42.8% 
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API TANKS SITE 6A 

SALES OIL COMPOSITION (Weight Percent) 

Sample No.  MNDR-01 
Date 911 8/96 

Compound 

Nitrogen 0 
Methane 0 
Ethane 0 .Q8 
Propane 0.79 
lsobutane 0.85 
+Butane 2.02 
lsopentane 2.79 
*Pentane 2.51 
*Hexane 2.79 
Hexanes 4.29 
Benzene 1.05 
Heptanes 16.15 
Toluene 0.16 
Wanes 27.29 
Ethylbenzene 0.76 
Xylenes 7.34 
Nonanes  7.59 
Decanes Plus 23.54 
Decanes Plus MW 146 

API Gravity 55.5 
ReM  Vapor Pressurn 1O.QQ 

MNDR-02 
911 9/96 

0 
0 

0.09 
0.84 
0.86 

2 
2.79 
2.53 
2.79 
4.3 
1.03 
16.14 
0.16 

28.99 
0.73 
7.27 
7.22 

24.26 
I55 

55.5 
11.3 

MNDR-03 
911 9/96 

0 
0 

0.06 
0.72 
0.81 
1  .95 
2.72 
2.48 
2.7 
4.17 
1.02 
15.41 
0.15 
25.46 
0.7 
6.69 
6.86 
28.12 
158 

55.4 
10.85 

MNDR-04 
9no/m 

0 
0 

0.1 
0.88 
0.89 
2.1 
2.81 
2.51 
2.72 
4.2 
1.03 
15.46 
0.1 5 
25.51 
0.71 
6.7 
6.86 
27.37 
155 

55.6 
11.42 

MNDR-05 Average RSD 
9/21/96 (%I 

0 
0 

0.05 
0.71 
0.83 

2 
2.8 
2.51 
2.71 
4.22 
1-01 
15.43 
0.15 
25.35 
0.68 
6.64 
6.82 
28.09 
1  57 

55.5 
11.1 

0.00 0.0 
0.00 ERR 
0.08 27.3 
0.79 9.4 
0.85 3.6 
2.01 2.7 
2.78 1.3 
2.50 1 .o 
2.74 1.6 
4.24 1.3 
1.03 1.4 
15.72 2.5 
0.15 3.6 
26.12 3.6 
0.72 4.3 
6.93 5.0 
7.07 4.7 
26.28 8.4 
153.80 2.9 

55.50  0.1 
11.13  2.1 
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API TANKS SITE 6A 

Sample No. 
Date 

Compound 

Nitrogen 
Methane 
Ethane 
Propane 
lsobutane 
ndutans 
isopentane 
&Pentane 
n-Hexane 
Hexanes 
Benzene 
Heptanes 
Toluene 
Octanes 
Ethylbenzene 
Xylenes 
Nonanes 
Decanes Plus 
Decanes  Plus MW 

SALES OIL COMPOSITION  (Mole  Percent) 

MNDR-01  MNDR-02  MNDR-03 MNDR-04 MNDR-05 Average RSD 
9/18/96  9119t96  9/19/96  9120t96  W21/96 (%I 

0 0 
0.01 0.02 
0.28 0.33 
1.88 2.01 
1.52 1.56 
3.63 3.64 
4.05 4.09 
3.65 3.71 
3.39 3.43 
5.35 5.41 
1.42 1.4 
17.45 17.61 
0.18 0.18 
25.77 25.73 
0.75 0.73 
7.25 7.26 
6.46 6.21 
16.96 16.68 
146 154 

API Gravity 55.5  55.5 
ReM Vapor  Pressure 10.99 11.3 

0 
0.01 
0.22 
1.76 
1.5 

3.62 
4.07 
3.68 
3.39 
5.35 
1.41 
17.12 
0.17 
24.73 
0.71 
6.8 
6.01 
19.45 
156 

55.4 
10.85 

0 
0.2 

0.36 
2.13 
1.64 
3.86 
4.16 
3.72 
3.37 
5.35 
1.41 
17.02 
0.17 
24.54 
0.71 
6.75 
5.96 
18.83 
155 

55.6 
11.42 

0 
0.01 
0.18 
1.74 
1.55 
3.71 
4.18 
3.75 
3.4 
5.41 
1.4 

17.15 
0.17 
24.62 
0.69 
6.75 
5.91 
19.32 
157 

55.5 
11.1 

0.00 0.0 
0.05 167.9 
0.27 27.3 
1.90 8.7 
1.55 3.5 
3.69 2.7 
4.1 1 1.4 
3.70 1 .o 
3.40 0.6 
5.37 0.6 
1.41 0.6 
17.27 1.4 
0.17 3.1 

25.08 2.5 
0.72 3.2 
6.96 3.9 
6.1 1 3.7 
18.25 7.3 
153.60 2.9 

55.50  0.1 
11.13 2.1 
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API TANKS SITE 6B 

SALES OIL  COMPOSITION (Weight Percent) 

Sample No. MCL-01 
Date 9/21/96 

Compound 

Nitrogen 
Methane 
Ethane 
Propane 
lsobutane 
n-Butane 
lsopentane 
n-Pentane 
&Hexane ' 
Hexanes 
Benzene 
Heptanes 
Toluene 
Octanes 
Ethylbenzene 
Xylenes 
Nonanes 
Decanes  Plus 
Decanes  Plus MW 

0 
0 

0.05 
1.16 
1 .u 
3.34 
3.88 
3.3 

2.88 
4.71 
0.98 
20.02 
0.14 
23.61 
0.62 
6.14 
6.46 
21 2 8  
1 72 

API  Gravity 58.2 
ReM Vapor Pmssum 14.98 

MCL-02 
9 m Q 6  

0 
0 
0 

0.08 
0.55 
1.8 
3.29 
2.98 
2.94 
4.72 
0.99 
15.84 
0.14 

24.47 
0.66 
6.28 
6.55 
28.71 
150 

58.2 
14.73 

MCL-03 Average RSD 
9/23/86 (%I 

0 
0 

0.09 
1.48 
1.64 
3.7 
4.w 
3.43 
2.89 
4.75 
0.98 
15.15 
0.13 
22.97 
0.6 
5.83 
6.1 1 
26.18 
161 

58.7 
15.82 

0.00 ERR 
0.00 ERR 
0.05 98.6 
0.81 81 .O 
1.21 48.0 
2.95 34.2 
3.74 10.8 
3.24 7.2 
2.90 1.1 
4.73 0.4 
0.98 1.6 
17.00 15.5 
0.14 4.2 

23.68 3.2 
0.63 4.9 
6.08 3.0 
6.37 3.6 
25.39 14.8 
161 .OO 6.0 

58.37 0.5 
15.18 3.8 
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API TANKS SITE 6B 
SALES OIL COMPOSITION (Mole Percent) 

Sample  No. 
Date 

MCL-01 MCL-02 MCL-03 Average RSD 
9121196 9/22/96 9123J96 (%I 

Compound 

Nitrogen 0 
Methane  0.01 
Ethane  0.17 
Propane  2.72 
lsobutane 2.54 
*Butane  5.91 
lsopentane  5.53 
*Pentane  4.7 
n-Hexane  3.44 
Hexanes  5.76 
Benzene  1.27 
Heptanes  21.22 
Toluene  0.16 
Wanes 21.87 
Ethylbenzene  0.61 
Xylenes  5.95 
Nonanes  5.4 
Decanes Plus  12.74 
Decanes Plus MW 1 72 

API  Gravity  58.2 
Reid  Vapor  Pressure  14.98 

0 
0 
0 

0.19 
1.03 
3.34 
4.92 
4.45 
3.69 
6.06 
1.37 

17.61 
0.17 

23.76 
0.67 
6.39 
5.75 
20.6 
150 

58.2 
14.73 

0 
0.01 
0.29 
3.47 
2.91 
6.55 
5.79 
4.88 
3.46 
5.82 
1.29 
16.06 
0.1 5 
21 9 8  
0.58 
5.66 
5.1  1 
16.69 
161 

58.7 
15.82 

ERR ERR 
0.01 86.6 
0.15 95.0 
2.1  3 80.8 
2.16 46.1 
5.27 32.3 
5.41 8.2 
4.68 4.6 
3.53 ,3.9 
5.88 2.7 
1.31 4.0 

18.30 14.5 
0.16 6.3 

22.30 5.8 
0.62 7.4 
6.00 6.1 
5.42 5.9 
16.68 23.6 
161.00 6.8 

58.37 0.5 
15.18  3.8 
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One  of  the  most  significant  long-term  trends  affecting  the  future  vitality  of  the  petroleum  industry is the 
public's  concerns  about  the  environment,  health  and safety.  Recognizing this  trend,  API  member 
companies  have  developed  a  positive,  forwad-looking  strategy  called STEP: Strategies  for Today's 
Environmental  Partnership.  This  initiative  aims to build  understanding  and  credibility  with  stakeholders  by 
continually  improving  our  industry's  environmental,  health  and  safety  performance;  documenting 
performance;  and  communicating  with the public. 

API ENVIRONMENTAL MISSION AND GUIDING ENVIRONMENTAL PRINCIPLES 

The  members of  the  American  Petroleum  Institute  are  dedicated to continuous  efforts to improve  the 
compatibiltty of  our  operations  with  the  environment  while  economically  developing  energy  resources  and 
supplying  high  quality  products  and  services to consumers.  We  recognize  our  responsibility to work  with 
the  public,  the  government,  and  others to develop  and to use  natural  resources in an  environmentally 
sound  manner  while  protecting  the  health  and  safety  of  our  employees  and  the  public. To meet  these 
responsibilities,  API  members  pledge to manage  our  businesses  according  to  the  following  principles  using 
sound  science to prioritize  risks  and to implement  cost-effective  management  practices: 

4 

4 

4 

4 

4 

4 

4 

%- 

4 

4 

To recognize  and to respond to community  concerns  about  our  raw  materials,  products and 
operations. 

To operate  our  plants  and  facilities,  and to handle  our  raw  materials  and  products in a  manner 
that  protects  the  environment,  and  the  safety  and  health of our  employees  and  the  public. 

To  make  safety, health  and  environmental  considerations a priority in our  planning,  and  our 
development of  new products  and  processes. 

To advise  promptly,  appropriate  officials,  employees,  customers  and  the  public  of  information 
on significant  industry-related  safety,  health  and  environmental  hazards,  and to recommend 
protective  measures. 

To counsel  customers,  transporters  and  others in the  safe  use,  transportation  and  disposal  of 
our  raw  materials,  products  and  waste  materials. 

To economically  develop  and  produce  natural  resources  and to conserve  those  resources  by 
using  energy  efficiently. 

To extend  knowledge  by  conducting  or  supporting  research  on  the  safety,  health  and 
environmental  effects of  our  raw  materials,  products,  processes  and  waste  materials. 

To commit to reduce  overall  emission  and  waste  generation. 

To work  with  others to resolve  problems  created  by  handling  and  disposal  of  hazardous 
substances  from  our  operations. 

To participate  with government  and  others in creating  responsible  laws,  regulations  and 
standards  to  safeguard  the  communtty,  workplace  and  environment. 

To promote  these  principles  and  practices  by  sharing  experiences  and  offering  assistance to 
others  who  produce,  handle,  use,  transport  or  dispose  of  similar  raw  materials,  petroleum 
products  and  wastes. 
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FOREWORD 

API  PUBLICATIONS  NECESSARILY  ADDRESS  PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT  TO  PARTICULAR  CIRCUMSTANCES,  LOCAL,  STATE, 
ANTI FEDERAL  LAWS AND REGULATlONS SHOULD BE REVIEWED. 

API IS NOT UNDERTAKING TO MEET THE DUTlES OF EMPLOYERS,  MANUFAC- 
TURERS,  OR  SUPPLIERS  TO WARN AND  PROPERLY TRAIN AND EQUIP THEIR 
EMPLOYEES, AND OTHERS  EXPOSED,  CONCERNING  HEALTH  AND SAFETY 
RISKS AND PRECAUTIONS,  NOR  UNDERTAKING THEIR OBLIGATIONS  UNDER 
LOCAL,  STATE,  OR  FEDERAL  LAWS. 

NOTHING  CONTAINED  IN  ANY  API  PUBLICATION  IS TO BE  CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATlON  OR  OTHERWISE,  FOR THE MANU- 
FACTURE,  SALE,  OR  USE OF ANY METHOD, APPARATUS,  OR  PRODUCT  COV- 
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING  CONTAINED IN 

ITY FOR  INFRINGEMENT OF LETTERS PATENT, 
THE PUBLICATION  BE  CONSTRUED  AS  INSURING ANYONE AGAINST  LIABIL- 

GAS RESEARCH INSTITUTE DISCLAIMER 

LEGAL  NOTICE: This report was prepared by Radian International as an account of  work 
sponsored by the Gas Research Institute (GRI). Neither GRI, members of GRI, nor any 
person acting on behalf  of  either: 

a. Makes any warranty or representation,  express or implied, 
with respect to  the  accuracy,  completeness, or usefulness of 
the information  contained in this report, or that the use  of  any 
apparatus, method, or process  disclosed in this report  may  not 
infringe privately  owned  rights;  or 

b. Assumes any  liability  with  respect to the  use of, or for damages 
resulting from the use of, any information, apparatus, method, or 
process disclosed in this report. 

All rights reserved. No part of this  work may be repmduced, stored in a retrieval system, or transmitted by any 
means, electronic, mechanical, photocopying, recording, or otherwise, without prior written permission-tivm the 

publisher: Contact !he publishec API Publishing Services, 1220 L Street, N. W, Wclshington. D.C. 20005, 
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EXECUTIVE  SUMMARY 

The  American  Petroleum  Institute  (API),  Gas  Research  Institute (GRI), and  Canadian 

Association  of  Petroleum  Producers  (CAPP)  have  jointly  sponsored  a  program  to 

develop  a  personal  computer  model  to  accurately  estimate  tank  emissions.  The 

resulting  model,  E&P  TANK,  which  is  based  on  theoretical  thermodynamic  principles, 

estimates  flashing,  working,  and  standing  emissions  from  oil  field  production  tanks.  It 

uses oikondensate composition,  oil  production  rates,  separator  temperatures,  and 

separator  pressures  to  calculate  speciated  Hazardous  Air  Pollutants  (HAPS)  and 

Volatile  Organic  Compounds  (VOCs)  emissions.  A  field  sampling  program  of  seven 

tank  sites  was  implemented  to  provide  measurement  data  for  comparing  model 

predictions to measured  emissions. 

Overall, the field  study  showed  reasonably  good  agreement  between  model  predictions 

and  field  data.  The  agreement  between  measured  emissions  and  E&P  TANK  modeled 

emission  estimates  was  excellent  for  three  sites  where  there  was  a  small  temperature 

differential  (less  than  40°F)  between  the  separator  and  ambient  temperature.  The 

model  overestimated  the  emissions  by  a  factor  of 10 at  one  site  where  the  emission 

rate  was low, and  where  there  was  a 76" F temperature  differential  between  the 

separator  and  ambient  temperatures.  Field  evaluation  measurements  showed  that  the 

E&P  TANK  model,  when used as designed,  predicted  conservative  emission  estimates 

for  six  out  of  seven  sites  and  underpredicted  emissions  by  a  factor  of 0.8 in the  one 

remaining  site. 

It was found  that  HAP  emissions  are a small  fraction  of  the  total VOC emissions  from 

production  tanks.  For  the  seven  sites  sampled, HAP  emissions  ranged  from 1.3 to 5% 

of the  total VOC emissions. 

ES-1 
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Section I 

INTRODUCTION 

This  section  describes  the  background,  project  objective,  and  approach  for  evaluation 

of the E&P  TANK  model.’ 

PROJECT  BACKGROUND 

Emissions  of  hazardous  air  pollutants  (HAPS)  and  volatile  organic  compounds (VOCs) 

from  production  storage  tank  vents  have  come  under  increased  scrutiny in the  oil  and 

gas  industry  due to the  Clean  Air  Act  provisions  and  state  permitting  requirements. 

Production  storage  tank  emissions  have  been  estimated  using  a  variety  of  methods 

including  the  EPA  “Tanks”  modeL2  The  EPA  Tanks  model  is  useful  in  calculating 

working  and  standing  losses  from  stable  products,  such  as  gasoline  and  fuel  oil.  The 

EPA  Tanks  model,  however,  does  not  adequately  account  for  flashing  losses  which 

occur  when the pressure  of  crude  oil  or  condensate  decreases  from  an  elevated 

separator  pressure,  typically 20 to 60 psig,  to  atmospheric  pressure in the  tanks. 

Dissolved  hydrocarbons  in  the  oil  evolve  or  “flash”  from  solution  when  the  pressure is 

reduced,  creating  emissions  in  addition  to  the  working  and  standing  losses.  Various 

calculation  methods,  including  the  Vasquez-Beggs3  equation  and  off-the-shelf 

simulation  models  have  been  used  to  estimate  these  “flashing” losses. 

The  emission  estimates  from  the  various  calculation  methods  can  vary  by  an  order of 
magnitude  or  more. In order to address  the  differences  observed in estimating 

emissions  from  production  tanks,  the  American  Petroleum  Institute  (API),  Gas 

Research  Institute  (GRI),  and  Canadian  Association of Petroleum  Producers  (CAPP) 

have  jointly  sponsored  a  program to develop  a  personal  computer  model  for  accurately 

estimating  the  working,  standing,  and  flashing  components  of  storage  tank  emissions. 

The  resulting  model,  called  E&P  TANK, is based  on  theoretical  thermodynamic 

principles.  The  model  uses  the  pressurized oikondensate composition,  oil  production 

rate,  separator  temperature,  separator  pressure,  and  the  sales  oil’s  Reid  Vapor 
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Pressure  (RVP)  and  API  Gravity  or  AP-424  parameters to calculate  speciated  HAP  and 

VOC  emissions.  Collection  and  analysis  of  field  samples  of  the  pressurized  separator 

oil  and  the  sales oil are  generally  necessary  to  obtain  input  for  this  model. 

The  E&P  TANK  model  uses  an  adiabatic  flash  calculation  to  estimate  flash  emissions 

as  the  separator oil decreases  from  the  separator  temperature  and  pressure to 

atmospheric  pressure.  Two  methods  of  calculating  working  and  standing  losses  have 

been  included  as  options.  One  method  is  based  on  AP-42  methodology  and  uses the 

tank's  dimensions,  ambient  temperatures,  pressure  relief  devices  and  solar  insolation to 

calculate  working  and  standing  losses.  This  option  may  not  provide  a  solution  under 

certain  conditions (e.g.,  with  a true vapor  pressure  equal to or  greater  than  atmospheric 

pressure).  A  second  option  for  calculating  working  and  standing  losses  with  E&P  TANK 

uses  a  multi-stage  distillation  calculation to match  a  measured  RVP  of  the  sales  oil. 

The  E&P  TANK  model is designed  to  estimate  steady-state  emissions  from  a  particular 

site  using  the  separator  temperature,  pressure,  and  oil  composition  as  the  primary  input 

parameters. It does  not  take  into  account  short  term  process  fluctuations  (e.g., oil 

recirculation),  effects  of  wind  velocity,  leaking  equipment,  or  phenomenon  such  as 

condensation  in the tanks  due  to  cold  temperatures.  All  of  these  things  have  some 

effect  on  actual  emission  rates  which  will  not  be  reflected  in  model  predictions. 

The  development of E&P  TANK  was  completed in mid-1995.  This  field  sampling 

program  was  undertaken to evaluate  the  model  by  comparing  measured  emissions  with 

model  predictions.  The  field  sampling  program  was  also  used to fine  tune  the  E&P 

TANK  model. 

All  model  calculations  reported  in  this  document  were  performed  on  the DOS version of 

the  model.  This  version  was  designated  as  EPTANK  Version 3.0. A  Windows"  based 

version,  which  uses  the  same  calculation  methods,  was  under  development  but  not 

available  at the time  of  this  study.  The  Windows"  based  version is designated 

1-2 
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E&P TANK  and is the version  which  will be released.  Therefore, it is the version 

referenced in the body  of  this  report.  (However, you will note that the data  sheets  in 

Appendix  A  refer to the DOS-version;  EPTANK V. 3.0.) 

PROJECT  OBJECTIVE 

The primary  objective  of this program  was  to  obtain  field  measurement  data  for the 

evaluation and possible  refinement  of the E&P  TANK  model. 

APPROACH 

Seven  tank  sites  were  sampled  under  a  variety  of  conditions  and the results  compared 

to those  calculated  by the model.  Input  parameters  for the model  were  measured in 

addition to the tank  vent  gas  flow  rate  and  composition. 

The E&P TANK model was  used  to  calculate  estimated  emissions  from the seven 

oillcondensate storage  tanks  based  on  measured  inputs. The model  results  were then 

compared to emissions  obtained  by  actual  measurements. The E&P TANK model was 

refined  by D. B. Robinson to correct  some  minor  problems  and to remove  some input 

options to simplify  model  use. 

The following  general  approach was  used  to  implement the evaluation  program: 

8 Identify  suitable  sites  meeting  defined  criteria  for  sampling; 

0 Visit the sites  and  verify that they  are  suitable  for  sampling; 

a Sample the chosen  sites  to  collect I) data  and  measurements  which 
define the actual vent  emissions; 2) data and  measurements required to 
make  emission  estimates;  and 3) ancillary  data  which can be used to 
troubleshoot  problems; 

0 Compare  model-calculated  estimates  to  those  measured  at  each  site; 
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b Provide  feedback  to  the API Tank  Emissions  Project  Group  and  model 
developers  on  results  of  the  model  comparisons  and  any  problems 
observed  that  need  attention; 

b Refine  the  measurement  techniques  and  parameters  for  the  next  site to 
be  sampled;  and 

b Compare  emission  estimates  to  measured  emissions  for  each  site  using 
latest  versions  of  the  model. 

REPORT  ORGANIZATION 

Section 2 of  this  report  will  present  the  experimental  design  for  measuring  emissions 

and  obtaining  model  input  parameters.  Sampling  and  analytical  methods  will be 

discussed  in  Section 3. Section 4 will  present  site  descriptions  and  measured 

emissions.  Section 5 discusses  model  input  parameters  and  compares  the  predicted 

model  emissions  to  measured  emissions  on  a  site-by-site  basis.  Conclusions  and 

Recommendations  are  included  in  Section 6. 
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Section 2 

EXPERIMENTAL  DESIGN 

This  section  describes  the E&P  TANK  computer  model,  including  the  inputs  needed to 

estimate  emissions  and  the  types  of  output  (i.e.,  the  emissions).  These  inputs  needed 

to estimate  emissions  and  the  actual  tank  emissions  define  most  of  the  data  that  are 

needed  from  the  field  sampling  program.  This  sampling  program  is  described  following 

the  computer  model  description  subsection. 

MODEL  DESCRIPTION 

The  E&P  TANK  model  provides two options  for  calculating  flashing,  working,  and 

standing  losses.  These  methods  include: 

e An  adiabatic  flash  for  flashing  emissions  with  a  multi-stage  (defaults to 
single-stage  if the multi-stage  does  not  converge)  distillation  calculation 
for  working  and  standing  losses,  and 

e An  adiabatic  flash  for  flashing  emission  with  an  AP-42  option  for 
calculating  working  and  standing  losses. 

For  the  AP-42  method,  default  values  are  provided  for  those  inputs  which  may  not be 

measured  at  each  site  (e.g.,  solar  insolation). 

The E&P TANK  model  input  parameters  include: 

e Separator  temperature ("F); 

e Separator  pressure  (psig); 

e The  composition  of  the  pressurized  oil/condensate  immediately  after  the 
separatorlheater  treater  (mole%); 

e Atmospheric  pressure  (psia); 

e Sales  oil  API  gravity; 
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Daily  production  rate  (bbllday); 

Reid  Vapor  Pressure  of  the  sales  oil  (psia); 

Sales  oil  temperature (OF); and 

0 The  molecular  weight  and  specific  gravity  of  the Cia+ components in the 
separator  oil. 

Optional  input  into  the  E&P  TANK  model  includes  the  volume of dilution  air  that  enters 

the  tank  during  withdrawal  cycles.  Air  input  has  been  included  since  withdrawing oil 

from the storage  tank  is  usually  faster  than  the  generation of vapor  from  flashing.  The 

volume of the  oil  removed  that  is  not  replaced  by  flash  gas  is  replaced  by  ambient  air 

which  is  pulled  into  the  tank  as  the  oil  is  removed. 

Outputs  from  the  model  include  mole  percent  of  each  component  calculated  from the 

flash  and  from  working  and  standing  losses,  plus  total  vent  emissions.  A  summary of 

total  hazardous  air  pollutants  (HAPS)  emissions,  individual  HAP  emissions, C,, VOC, 

C,, VOC, and  total  hydrocarbon  emissions is provided in tons/year  and in pounds  per 

hour.  Examples  of  model  output  files  representing  estimated  emissions  from  individual 

sites  sampled  during  this  project  can  be  found in Appendix  A. 

FIELD  MEASUREMENT  PROGRAM 

Sampling  at  six  different  sites  was  planned  to  obtain  data  under  a  number of different 

conditions  to  measure  actual  emissions  and to fully  evaluate  the  estimation  procedures. 

However,  a  total  of  seven  sites  were  actually  tested  (refer  to  Table 2-1 .) Tests  were 

conducted  at  each  site  under  normal  operating  conditions.  The  host  companies  were 

asked  not to schedule  maintenance  or  avoidable  non-routine  activities  during  testing. 

Figure 2-1 presents  a  typical  arrangement  for an oil  production  tank  storage  battery. 

Model  evaluation  sampling  points  are  shown  in  the  figure  with  an  indication of the 
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Table 2-1. Tank  Sites  Tested 

II 1 I West  Texas 

ll 2 1 Southeast  Colorado 

II 3 I South  Louisiana 

II 4 I Southeast  Texas 

II 5 I Re-test  of  Site 3 II 
II 6 I Southwest  Wyoming II 

7 I Same  location  as  Site 6 but 1.5 miles  apart 

samples to be  collected  at  each  point.  Individual  sites  varied  as to the  number  and 

sizes  of  tanks  present,  pressure  of  the oil coming into and  out of the  separator, 

separator  temperature,  and  sales  oil  parameters;  but  the  noted  sample  points  should  be 

representative  of  most  sites  encountered.  Sales  oil  is  defined  in  this  document  as  the 

oil which is removed  from  the  on-site  storage  tanks  by  pipeline  or  by  truck  for  delivery 

and  sale  of  the  oil. 

Testing  generally  consisted of one  day  to  set  up  and  check  out the  equipment,  three 

days  of  data  collection,  and  a  portion of the fifth day  to  remove  any  modifications  and 

equipment  before  leaving  the  site.  During  the  three  days  of  testing,  data  were  collected 

24 hours  each  day  to  reflect  diurnal  effects  on  tank  emissions. As many  of the tests  as 

possible  were  automated to continuously  collect  data. In particular,  the  vent  gas  stream 

flow  rate,  composition  [by  on-site  gas  chromatography  (GC)]  and  temperature 

measurements  were  automated  for  continuous  data  collection.  Critical  measurements 

made  at  each  site  are  presented  in  Table 2-2. The  parameters  include  both  those 

needed to calculate  actual  tank  vent  emissions  and  those  that  are  inputs to E&P TANK. 
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Table 2-2. Critical Data Collection  Parameters 

Separator 1. Temperature ( O F )  

2.  Pressure  (psig) 
3. Flash  Gas  Composition  (mole% & specific 

4. Oil Composition  (mole%) a 

gravity) 

Tank  Capacity  (bbls)  and  Dimensions 
(diameter & height) 
Oil  Withdrawal  Cycle 
Tank Fill and  Withdrawal  Times 
Temperature  of  the  Oil  Entering  the  Tank 
( O F )  

Number  of  Tanks 

Gas  Temperature (OF) 
Gas  Composition  (ppmkomponent) 
Gas  Flow  Rate  (scfm) 

Sales Oil 1. Production  Rate  (bbllday) 
2. Temperature (OF) 
3.  Reid  Vapor  Pressure  (psia) 
4. API  Gravity 
5. Oil  Composition  (mole YO) 

2. Ambient  Temperature (OF); Daily  Minimum 
Others 1. Ambient  Pressure  (psia) 

and  Maximum 

* Includes  molecular  weight  and  specific  gravity of the C,, components. 
The tank  may  be  emptied by Lease Automatic  Custody  Transfer (LACT) unit  or by truck. Used to 
calculate  the  volume of air  which  may  flow  into  the  tank  during  the  oil  withdrawal  cycle. 

Non-critical  measurements  made  at  most  sites  are  presented in Table  2-3.  Some  of 

these  parameters,  such  as  wind  speed  and  wind  direction  were  not  made at all sites. 

These  conditions  are  available  at local airports  for  retrieval  at  any  time  that  they  are 

deemed  necessary. 

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



Table  2-3.  Non-critical  Measurements 

11 Production I 1.  Number of Wells  Supplying  the  Site 11 
I Separator 1. Oil  Transfer  Cycle 

2. Produced  Water  Transfer  Cvcle ll 
11 Associated  Gas  from  Separator 1 1.  Daily  Production  Rate. ~ l l  
Produced  Water  Tank 

1.  Wind  Speed  and  Direction a Atmospheric  Conditions 

1.  Tank Withdrawal  Cycle 
2.  Daily  Production  Rate 

2. Relative  Humiditv a 

I Oil  Tank I 1. Surface  Temperature 11 
These conditions were  obtained  from  a local airport at most  sites. 

The  matrix  used  for  sample  collection  at  most  sites,  including  quality  control  samples,  is 
presented  in  Table  2-4.  Because  the  separator  flash  gas  composition  was  not  used  as 
an  input to the model,  but  was  used  to  compare  to  model  predictions  and  to  determine 
mass  balances,  one  sample  was  collected  each  day. 

The  separator  crude oikondensate sample  composition  was  a  primary  E&P  TANK 
model  input so it was  collected  twice  each  day  using  the  Gas  Displacement  Method 
from  the  sampling  protocol  included  in  Appendix B.  Samples  were  collected in the early 
morning  and  late  afternoon  approximately  12  hours  apart,  The  flow  rate  of  the 
pressurized  oil  leaving  the  separator was  not  measured as none  of  the  host  sites  were 
configured to make  this  measurement  and  insertion  of  a  flowmeter in the  line  would 
require  major  site  modifications. 

Time-integrated  canister  samples  were  collected  from  the  tank  vent  over  a  12-hour 
period  (approximately 7:OO am to 7:OO pm  and 7:OO pm  to 7:OO am)  each  day.  These 
samples  provided  time-integrated  concentrations  for C,-C,, hydrocarbons in the  vent 
gas  stream  which  could  be  used to calculate  emissions  on  a  twice  daily  basis  or 
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averaged  over  the  three  days  for  comparison to model  outputs  during the same  time 

periods.  Compound  concentrations  determined  from  the  canisters  provide  a  time 

weighted  average  emission  rate  based  on  an  average  vent flow during  collection  time. 

Table 2-5 provides  a  list of the  speciated  hydrocarbons  which  were  determined  in the 

canister  samples  and  by  the  semi-continuous GC  system. 

Table 2-5. Hydrocarbon  Target  Compound  List 

ll Methane 
Ethanes 

Propanes 
I-Butane 
n-Butane 
Butanes 

I-Pentane 
n-Pentane 
Pentanes 
n-Hexane 
Hexanes 
Heptanes 
Octanes 
Nonanes 
Decane 
Benzene 
Toluene 

Ethylbenzene 
Xylenes  (total) 

h 

1 
2 
3 
4 
4 
4 
5 
5 
5 
6 
6 
7 
8 
9 
10 
6 
7 
8 
8 

>An 
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The  semi-continuous GC system  was  used  on-site  to  monitor the  vent  gas  stream  for 

permanent  gases (N2, 0,, and CO,) and  as  many  of  the  speciated  hydrocarbons  as 

could  be  determined  (methane  through  the  xylenes).  This  system  was  used  to 

determine  short-term  fluctuations  in  the  composition  which  were  then  correlated  with 

known  activities,  such  as  operation  of  the  separator oil transfer  valve  or  pumping  the 

sales oil from  the  tank@). In addition,  permanent  gases,  primarily  nitrogen  and  oxygen, 

were  monitored to determine if air  entered  the  tank(s)  during  sales oil removal.  The 

concentrations of nitrogen  and  oxygen,  plus  the  tank  volume,  were  used to calculate the 

amount  of  air  drawn  into  the  tank@).  Since  these  compounds  were  measured  on  a 

semi-continuous  basis,  they  were  also  used to determine  the  amount  of  air  dilution  and 

its effect  on the tank  emission  estimates. 

The GC data  were  also  correlated  with  the  vent  flow  rate  measured  at  the  time of 

sample  analysis to obtain  a  flow  rate  averaged  emission  estimate.  The  flow  averaged 

measurements  were  generally  made  during  times  of  "steady-state"  flow.  Steady-state 

flow was  defined  as  a  period of time  when  external  factors,  such  as  sales  oil  removal  or 

recirculation  pump  operation,  were  not  influencing  the  emissions  from  the  tank.  At  one 

site  (Site l), it  was  not  possible to obtain  a  steady-state  operation  due to timed  pumping 

cycles  for  numerous  wells  feeding the site. In these  cases, an average  flow  rate  was 

calculated  from the measured  flows. 

The GC cycle  time  was  approximately 40 minutes  between  injections.  Therefore, 

approximately 25 to 30 samples  were  analyzed  each  day.  The  remaining  analyses 

performed  each  day  were  required  for  calibration  check  samples  and  blanks. 

Dilution  of the sample  to  determine  compound  concentrations  outside of the linear 

range of the  instrument  was  necessary  at  most  sites.  The  amount of dilution  depended 

on the concentrations of the  various  target  analytes  and  was  site  dependent. A dilution 

ratio  was  determined  at  each  site  which  allowed  accurate  concentration  measurements 

for the largest  number  of  compounds  while  accurately  measuring  n-hexane  and 
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benzene,  toluene,  ethylbenzene,  and  xylenes  (BTU().  Accurate  measurement  of the 

HAPS  was  considered  the  highest priori .  Therefore,  some  of the  hydrocarbons,  such 

as  n-butane  and  I-butane,  were  outside  the  calibration  range  of  the  instrument in order 

to accurately  measure  BTEX.  Individual  dilutions  of  the  sample  stream  were  performed 

to determine the concentration  range  of  these  compounds  on  selected  samples so 

some  information  would  be  available. 

The  vent  gas  flow  rate  was  measured  on  a  continuous  basis  using  an  orifice  plate  and 

pressure  transducers  at  all  sites  except  during  the  initial  shakedown  test  (Site 1). Gas 

flow  rates  varied  greatly  from  site  to  site  due  to  oil  composition,  production  rates,  tank 

capacity,  separator  temperatures  and  pressures,  ambient  temperatures,  and  the  rate of 

removal  of  sales  oil.  Therefore,  a  range  of  orifice  plates  and  pressure  transducers  was 

used to measure  flow  at  the  various  sites.  At  Site 1, a  dry  gas  meter  was  used to 

monitor  flow. 

Output  from  the  differential  pressure  transducers  was  recorded  by  a  computerized  data 

system  which  was  also  used  to  continuously  record  temperatures  from  a  number  of 

locations.  Calibration  of  the  orifice  plate  and  transducers  allowed  conversion  of  the 

recorded  pressure  differential  to  a  flow  measurement.  The  sizes  of  the  vent  pipe 

extensions  and  orifice  plates  were  adjusted  to  the  amount  of  vent  gas  flow  at  a 

particular  site.  Higher  production  sites  and/or  lighter  oil  required  larger  vent  lines  and 

orifice  plates. 

Sales  oil  samples  for  Reid  Vapor  Pressure,  API  gravity  and  oil  composition  were 

collected  once  each  day  at  most  sites.  Daily  collection  was  deemed  to  be  sufficient 

since  these  parameters  should  remain  relatively  constant  from  day to day.  The  sales oil 

throughput  was  measured  daily  and  integrated  across  the  sampling  period. In most 

cases,  separator  vent  gas  temperature,  temperature  of  the oil going  into  the  tank,  and 

ambient  temperature  were  measured  on  a  continuous  basis  with  thermocouples 

connected to a  data  logger  system.  Separatorlheater  treater  operating  temperatures 
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were  manually  recorded  several  times  each  day.  It  was  not  possible  to  continuously 

record  this  temperature  due  to  the  physical  distance  from  the  separatorlheater  treater  to 

the  oil  tanks. It was not  possible to measure  the  sales  oil  temperature  on  a  continuous 

basis  since  the  only  access to the  sales  oil  was  generally in stagnant  lines  coming off of 

the tank.  Sales oil temperatures  and  samples  were  collected  during  oil  removal  from 

the  tank. 

Other  critical  measurements  made  at  each  site  include: 

0 The  tank  oil  withdrawal  cycle  was  determined  by  physical  observation; 

0 The  time  required  for  tank  filling  and  product  withdrawal was noted  by 
physical  observation  and  recorded  in  a  field  notebook;  and 

0 Annual  hours of operation  were  obtained  from  the  site  operator. 
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Section  3 

SAMPLING  AND  ANALYTICAL  METHODS 

This  section  will  describe  the  sampling  methods  used to collect  valid  samples  for  input 

into  the  models,  for  measurement of  tank  vent  flow  and  composition,  and the  analytical 

methods  utilized  to  measure  sample  composition  for  model  input  and  calculating 

measured  vent  emissions. 

SAMPLING  METHODS 

The test  matrix  found in Section  2  details  the  types  of  samples  and  collection  methods 

that  were  used  during  this  project.  This  section  describes  in  greater  detail  the  approach 

used  to  collect  the  various  sample  types  and  necessary  process/field  data.  Sampling 

frequency,  including  field  QC  samples, is included in Table  2-3,  Section 2. Table  3-1 

presents  a  summary  of  sampling  locations,  types of samples  collected,  collection 

techniques,  and  frequency. 

Table  3-1.  Gas  and  Liquid  Sample  Collection 

L Separator 

Tank  Vent 

Sales  Oil  Line 

Flash  Gas GPA  2166 - High-pressure 
Cylinder 

1 /day 

I 
Oil/Condensate  Gas  Displacement - High-  2/day 1 Pressure  Cylinder 

Vent  Gas 

Vent  Gas 

~ ~~ ~ ~~ 

Time-Integrated  Canister 
(modified  TO-14) 

Stainless  Steel  Line to Gas 
Pump  for  On-Site  Gas 
Chromatography 

2/day 

Semi- 
continuous 

Sales  Oil 1  /day ASTM D4057 for  Reid  Vapor 
Pressure,  API  Gravity  and Oil 
Composition 
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Gas  and I lquld  Samp le  Collection 

The  separator  flash  gas  was  collected  in  high-pressure  gas  cylinders  using GPA 

Method 2166-86.’ The  sample  lines  were  thoroughly  flushed  with  sample to remove 

any  liquids  which  may  have  condensed  in  the  lines  and  to  ensure  that  a  representative 

sample  of  the  separator  flash  gas  was  obtained.  A  gas  sampling  manifold  system  was 

used to exclude  liquids  during  sampling.  Care  was  taken to avoid  the  inclusion of air 

into the sample  container  during  collection  since  air  could  cause  a  low  bias  for  the  gas 

component  concentrations. 

. .  

The  composition  of  the  pressurized oikondensate exiting  the  separatorlheater  treater 

is  a  key  component  of  the E&P TANK  model  input.  Therefore,  it  is  very  important that 

this  sample be collected  carefully  and  before  any  pressure  reduction  occurs to avoid 

flashing  dissolved  gases  from  the  oil.  Sampling  locations  used  at  each  site  were 

located  immediately  after  the  separator/heater  treater  and  before  the  oil  transfer  valve 

or  any  other  pressure  reducing  equipment. 

Crude  oil  or  condensate  was  collected  in  high-pressure  cylinders  using  the  method 

found in the  sampling  protocol  Separator  Liquid  Collection - Gas  Displacement  Method 

included  in  Appendix B. These  samples  were  collected  by  first  collecting  a  separator 

flash  gas  sample,  as  described in Method 2166-86, so that  the  cylinder  was  filled  with 

flash gas  at the separator/heater  treater  pressure.  The  oil  line  was  purged  to  remove 

particulates  and to ensure  a  representative  sample  could  be  collected.  The  cylinder 

was  attached to the oikondensate line  in  a  vertical  position,  pointing  upward.  The 

valves  from  the oil line  and  on  the  bottom  of  the  cylinder  were  opened.  Liquid  would 

not  flow  into  the  cylinder  at  this  time  since  the  cylinder  gas  pressure  was  equal  to  the  oil 

pressure.  The  top  valve  on  the  cylinder was  slowly  opened to allow  a  small  amount  of 

gas to escape  and oil to enter  the  cylinder.  Gas in the  cylinder  was  allowed to escape 

at a  rate  such  that 2 to 5 minutes  were  required  to  displace  the  gas  in  the  cylinder  with 

the oikondensate. Using  this  technique,  the  cylinder  pressure  was  maintained  very 

near  the  separator/heater  treater  pressure  and  dissolved  gases  in  the oil did  not  have 
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an opportunity to flash. When oil began to exit  the  cylinder,  all  valves  were  closed,  and 

the oil sample  cylinder  was  removed  and  capped  for  shipment  to  the  analytical 

laboratory. 

The  liquid  sample  volume in the  cylinders  was  determined  by  weighing  the  cylinders 
before  and  after  sampling.  Density  measurements  were  made to convert  the  sample 
weight to volume.  These  measurements  were  used in conjunction  with  the  known 

volume  of  the  cylinders  to  ensure  only  liquid  was  collected in the  field. 

Samples  of  the  tank  vent  gas  were  collected  using  time-integrated  canister  sampling. 
Either  a  6-liter  or  a  15-liter SUMMA@ polished  stainless  steel  canister  evacuated to a 
pressure  of  approximately  27  inches  of  mercury  (i.e.,  2  inches  of  mercury  absolute)  was 
used to collect  a  12-hour  integrated  sample.  Sample  was  collected  from  the  vent 
approximately  2 feet before  the  orifice  plates to avoid  disturbances  in  flow 
measurement.  The  gas  sample  was  collected  through  a  clean  1/4-inch  stainless  steel 
line  connected to the  canister. In cold  climates,  this  line  was  heated  to  avoid 
condensation  which  could  cause  biased  results. A VeriflowTM  vacuum  flow  regulator 
metered the sample  into the 15-liter  canister  at  a  flow  rate of approximately 1 .O Uhr (17 

mUmin)  for  12  hours  to  obtain  approximately  12  liters  of  sample.  Flow  rates  of  6 to 8 
mUmin were  used  with  6-liter  canisters.  In  most  cases,  the  canister  was  under  a  slight 
vacuum  after  sample  collection.  However,  in  some  cases,  the  canister  came to 
atmospheric  pressure  within  the  ’t2-hour  sampling  period.  The  next  sample  was  started 
if the  previous  canister  came to atmospheric  pressure  before  the  12-hour  sampling 
period  was  complete.  Starting  and  ending  pressures  were  recorded  in  the  field  and 
checked  upon  receipt  at  the  laboratory. 

The  vent  gas  sample  for  the  on-site  continuous GC was also taken  at  a  point  where 

flow  measurement  was  not  impacted.  In  the  cases  where  sample  collection  from the 

vent  line  was  near  the  tank,  the GC sample  line  was  inserted  into  the  top  of the tank  by 

threading  a  1/8-inch  sample  line  through  the  vent  pipe.  This  position  was  chosen to 

minimize the chances  of  collecting  an  air  sample  during  times  of  negative  flow. In the 
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cases  where  the  vent  pipe  extended  a  considerable  distance  from  the  tank,  such  as  at 

Sites 3 and 5, the  continuous GC sample  line was inserted 2 to 3 feet  into  the  vent  line 

from  a  point  approximately 2 feet in front of the  orifice  plate. Samples  were delivered to 

the GC through  stainless  steel  transfer  lines. In cold climates, the sample  lines  were 

heated to avoid liquid condensation. 

The  on-site GC  sample  was  continuously  extracted  from  the  vent  using  a  small  sample 

pump. The  sample  pump  was  used to pull the  sample  through fixed volume  sample 

loops  on  the  GC.  A  bypass  valve  was  installed  on  the  sample  pump so that  the  sample 

flow rate  could  be  controlled.  A  sample  flow  rate of approximately 20 mUmin was 

established in the field to ensure  a  representative  sample.  Sample  gas in the  loops 

was analyzed  undiluted at Sites 1 and 2. However, it was determined  that  some of the 

target  analytes  were  outside  the  calibration  range of the  instrument  and  others  were 

giving  responses  greater  than  the  voltage  range of the  instrument (Le.,  were over- 

range).  Therefore,  a  dilution  apparatus  was  constructed  to  address  these  component 

concentrations. 

At Sites 3, 4, and 5, the  vapor  sample  from the vent line was diluted  for  the  Flame 

Ionization  Detector  (FID)  analysis  due to the  concentrations of  C,-C, hydrocarbons. A 

representative  dilution  factor was  established  at  each  site to maximize the information 

generated. In general,  a  dilution  factor in the  range of 1O:l to 20:l was  used  for the 

FID analysis.  Accurate  determination of the HAP concentrations was given  priority 

over the VOC  compounds  when the  dilution  factors were  determined.  For  example,  the 

sample was not  diluted to the  point  where  n-butane  could  be  measured if this dilution 

resulted in dilution of the  xylenes to concentrations  below  the  instrument  detection 

limits.  Vent  gas  samples  analyzed  using  the  Thermal  Conductivity  Detector  (TCD) 

were  not  diluted  before  analysis.  The  on-site  GC  was  not  used at  Sites 6 and 7. 

3-4 

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



Sales oil samples  for  Reid  Vapor  Pressure,  API  gravity,  and  oil  composition  were 

collected  from the sales  oil  line  as  close  to  the  storage  tank  as  possible  during an oil 

withdrawal  cycle.  Samples  were  collected  using  ASTM  Method  D40576  in  1-liter 

aluminum  containers (70 to 80% full)  by  passing  the oil  through  a  cooling  coil in an  ice 

water  bath  into the sample  container  which  was  also  held  at ice  water  temperatures. 

The  sample  was  capped,  stored  under  ice (4°C or  less),  and  shipped to the  laboratory 

for  analysis.  The  samples  for  API  gravity  and  oil  composition  were  taken  from  sample 

remaining  after  analysis  for  Reid  Vapor  Pressure. 

fi 
Additional  information  collected  at  each  site for model  input  included  the  separator 

temperature  and  pressure,  ambient  (barometric)  pressure,  sales oil throughput  and 

temperature,  tank  capacity,  and  annual  hours  of  operation  (if  available).  Optional  input 

for the model  for  which  information  was  collected  included  the  temperature  of  the oil 

entering  the  tank.  During  the  Site 3 sampling  effort,  it  was  determined  that the 

temperature  of  the oil entering  the  tank  was  an  important  variable  and  could  be 

significantly  different  from  the  separatodheater  treater  temperatures. This 

measurement  was  made  at  each  subsequent  site. 

A number  of  other  process  measurements  were  made  when  available.  These  included: 

The  number  of  wells  pumping  to  the  site; 

0 Separator  flash  gas  daily  production  volume; 

0 Produced  water  daily  production  volume; 

0 Frequency  of  activation  for  the  separator  oil  and  water  transfer  valves; 

Ambient  temperature; 

0 Wind  speed: 

0 Wind  direction; 
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0 Physical  characteristics  of  the  tank  (diameter,  height  and  liquid  levels): 

0 Surface  temperature of the  tank;  and 

0 Time  required  for  each  withdrawal  cycle. 

Critical  and  non-critical  measurements  are  detailed  in  Tables 2-2 and  2-3 in Section 2. 

All  process  measurements  to  be  made  are  shown  in  Table  3-2. 

Table  3-2.  Process  Measurements 
. . . . . . . . . . . . . . . . . . . .  ....  .... ......... :.>;..:.;:;.;,.: ..... ..... ..::q&c&,jcra ..... ..................... :: : 

..... :.:.:.? .................. . . . . .  .............................................. . . . . . . . . . . . . . . . . . . . . .  

General 

Separator 

Sales  Oil 

Ambient 
Conditions 

Optional 

No. of Wells  Pumping  to  Site 
Tank  Capacity 
Annual  Hours of Operation 
Physical  Characteristics of 
Tank 

Temperature 

Pressure 
Flash  Gas  Production 
Produced  Water  Production 
Oil  Transfer  Valve  Cycle 
Time 
Water  Transfer  Valve  Cycle 
Time 

Temperature 
Production  Rate 
Wlthdrawal  Cycle  Frequency 
Withdrawal  Cycle  Duration 

Temperature 
Wind  Speed 
Wind  Direction 
Barometric  Pressure 

Oil  Temperature  (into  tank) 
Tank  Surface  Temperature 

Manual 
Manual 
Manual 
Manual 

Thermocouple  or 
Gauge 
Gauge 
Meter 
Meter 
Manual  Observation 

Manual  Observation 

Thermocouple 
Sales  Meter 
Manual  Observation 
Manual  Observation 

Thermocouple 
Local  Airport 
Local  Airport 
Local  Airport 

Thermocouple 
Thermocouple 

Once 
Once 
Once 
Once 

- > 4lday 
- > 4lday 
Daily 
Daily 
41day 

4lday 

Daily a 

4lday 
As  occurs 
As  occurs 

~~ ~ 

Continuous 
2lday 
2lday 
Uday 

Continuous 
Continuous 

Generally  taken during tank withdrawal cycles. 
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Temperature  measurements  were  made  with  calibrated  thermocouples in locations 

where  they  could  be  recorded  continuously  with  a  data  logger  system.  Generally, the 

tank  vent  gas,  ambient  temperature,  and  the  oil  temperature  as it entered  the  tank 

could be recorded  continuously.  The  physical  distance  between  the  tanks  and  the 

separatorlheater  treater  made  continuously  recording  the  separator  temperature 

impractical. In most  cases,  separatorlheater  treater  temperatures  were  recorded 

manually  from  gauges  on  the  vessel.  Temperatures  were  also  recorded  manually  using 

a  hand  held  meter  and  a  calibrated  thermocouple  when  the  separatorlheater  treater 

had  a  thermowell  that  could be used to obtain  an  accurate  temperature. In most  cases, 

a  thermowell  was  not  available so periodic  readings of the  temperature  were  manually 

recorded  from  site  thermocouples  or  gauges.  Every  effort  was  made to verify  the 

accuracy  of  the  site  supplied  thermocouple  or  gauge,  but  this  was  not  always  possible. 

In most  cases,  the  separatorlheater  treater  temperature  was  checked  by  placing  a 

thermocouple  on  the  oil  line  as  it  exited  the  vessel  and  comparing  this  temperature to 

the  separator  gauge. In addition,  the  location of the  gauge  was  checked  for  proper 

placement so an  accurate  temperature of the heated oil  could  be  obtained. 

The  tank  vent  gas  temperature  was  recorded  by a thermocouple  inserted  into  the  vent 

gas  stream.  Ambient  temperature  and  the  surface  temperature  of the sales oil tank 

were  recorded  using  thermocouples in appropriate  locations,  which  were  determined  on 

site.  The  temperature of the  oil  going  into  the  tank  was  recorded  manually  at  Site 3 

using  a  hand-held,  infrared  temperature  meter.  At  Sites 4 through 7, this  temperature 

was  recorded  continuously  using  a  thermocouple  attached  to  the  oil  line  immediately 

before  it  entered  the  tank.  This  thermocouple  was  protected  from the sun to avoid 

inaccurate  readings. 

The  temperature of the sales oil was  recorded  by  physically  purging  some of the  oil 

from  the  tank  and  measuring  the  temperature of this  oil.  Use  of  a  thermocouple  inside 

the  tank  was  originally  proposed to measure  this  temperature.  However,  difficulty 

obtaining  a  gas  tight  seal  around  the  wire  was  encountered  and  this  method  was 
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discontinued.  Sales  oil  temperature  measurements  were  taken  while  the  tank  was 

being  emptied  or  by  purging  sufficient  oil  to  ensure  a  representative  sample  could be 

collected  and  measured. 

Barometric  pressure was  recorded  by  calling  a  local  airport  (within 50 miles  of the site) 

and  obtaining  barometric  pressure  or  by  retrieving  the  data  via  computer  modem.  Wind 

speed  and  wind  direction  data  were  available  at local airports,  but  generally  were  not 

used  in  any  calculations. 

The  separatodheater  treater  pressure was  manually  recorded  at  least  four  times  each 

day  by  reading  a  calibrated  gauge  on  site.  Generally,  a  gauge  was  present  on the 

separator/heater  treater  which  indicated  the  operational  pressure.  At  some  sites,  this 

gauge  was  located in the  produced  gas  line  exiting  the  separatorjheater  treater. In the 

situations  where  the  gauge  could  be  isolated  from  the  pressure  vessel,  the  vessel 

gauge  was  removed  and  a  calibrated  gauge  substituted  to  determine  the  accuracy of 

the  host  site  gauge. In all  cases,  the  existing  gauge  recorded  within 1 psig  of  the 

calibrated  gauge. 

Sales oil throughput  was  recorded  at  least  twice  per  day  by  reading  the  production 

meter  on  site. No attempt  was  made to calibrate  the  sales  meter.  At  Sites 4, 6, and 7, 

production  was  recorded  by  gauging  the  tank  before  sales  oil  removal.  The  time 

required  for  each  tank  withdrawal  cycle  was  manually  noted,  recorded,  and  compared 

with  flow  rates  calculated  from  the  sales  oil  meter.  Other  data  recorded  once  each  day 

included  the  separator  flash  gas  and  produced  water  volumes  (recorded  from  site 

meters).  These  parameters  were  not  available  at  all  sites. 

The  pressurized  oil  flow  rate  between  the  separator  and  the  tank  could  have an impact 

on  short  term  emissions  (i.e.,  minutes  to  hours),  but  should  be  averaged  out  over  longer 

periods  of  time  (over  the  course of days).  Therefore,  the  sales  oil  production  rate  was 

used in all calculations.  Each  site  was  checked  for  the  presence  of  a  flowmeter 
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between  the  separator  and  tanks,  but  none  of  the  sites  had  such  an  arrangement. 

Since  most  sites  had  a  very  short  distance  (generally  less  than  two  feet)  between  the 

separator/heater  treater  and  the  oil  transfer  valve,  addition  of  a  flowmeter  would  have 

required  significant  modifications  and  would  have  stopped  production  while 

modifications  were  being  made.  Future  sampling  efforts  will  evaluate  other  means  of 

measuring  this  flow  rate,  such  as  an  ultrasonic  flow  device, to determine  its  effect  on 

comparison  between  the  model  and  measured  emissions. 

Data  recorded  once  at  each  site  included  the  number of wells  pumping to the  tank 

battery,  the  tank  volumes  (taken  from  the  tank  faceplate),  physical  characteristics  of the 

tanks  (tape  measure),  and  annual  hours of operation  (from  site  operator). 

ANALYTICAL METHODS 

This  section  outlines the analytical  procedures  that  were  used  during  the  course of this 

study.  Table  3-3  presents a summary  of  methods  associated  with  each  type  of  sample 

analysis. 

Tank  Vent Gas Canister  Sample - 
Hvdrocarbons  and  Permanent  Gases  bv  GC-FID  and GC-TCD 

SamDle Preparation.  Pre-  and  post-collection  canister  pressures  were  measured in the 

laboratory  under  relatively  constant  temperature  and  ambient  pressure  conditions  to 

allow  sample  collection  volumes to be calculated.  Laboratory  recorded  pressures  were 

checked  against  those  recorded in the  field  as a possible  indication  of  canister  leakage 

in transit.  Canisters  were  pressurized to approximately 15 psig  with  ultra-high  purity 

(UHP)  helium  before  analysis. A dilution  factor  was  calculated  from  the  sample  volume 

and the final post-dilution  canister  pressure. 
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SamDle  Analvsis  for  Hvdrocarbons  and  Permanent  Gases.  Canister  samples  were 

analyzed  by  a  modification  of EPA Compendium  Method  TO-14'  for the hydrocarbons 

and  ASTM  Method D l  946-908  for  the  permanent  gases.  Analytical  instrument 

conditions  for  the  hydrocarbon  and  permanent  gas  analyses  are  shown  in  Tables 3 4  

and  3-5,  respectively.  All  samples  were  stored  and  analyzed  at  room  temperature.  The 

target  analytes  for  this  method  were  selected C,-C,,, hydrocarbons,  including  benzene, 

toluene,  ethylbentene, and  xylenes.  Quantitation  of  the  target  compounds  was  based 

on  averaged  individual  response  factors.  Non-target  compounds  were  quantitated 

using  a  carbon  response  factor  for  the FID instrument  based on the response  of 

hexane.  Quantitation  for  permanent  gases  was  based  on  individual  response  factors 

for  each  of  the  permanent  gases.  Gas  samples  collected in canisters  were  analyzed 

within 21 days  of  sample  collection. 

Table 34. Conditions  for  Tank  Vent  Gas  Canister  Samples  Hydrocarbon  Analysis 

Instrument I Hewlett-Packard 5880 or  Varian 3700 

Data  Svstem I PE Nelson  TurboChrom 

Detectors  Flame  Ionization  and  Photoionization  Detectors 

Injection  System  Cryogenic Focusingflhermal Desorption  or  Fixed 
LOOD lniection 

~~ ~ _ _ _ _ _  ~~~ 

Column  60 m x 0.32mm id DB-1, 1 pm  Film  Thickness 
Fused  Silica  Capillary, J&W 
or 
60  m x 0.32mm id RTX-1, 3 pm  Film  Thickness 
Fused  Silica  Capillary,  Restek 

Carrier  Gas Helium 

Carrier  Flow  Rate -3 mUmin 

Make-up  Gas Nitrogen @ 30 mUmin 

Temperature  Program -50°C  for 2 min.;  Programmed at 6"C/min to 15O"C, 

Cryogenic  Trap  Temperature  -186°C 

TraD  DesorDtion  TemDerature 180°C 

Then  150°C to 250°C at 20"C/min; No Final  Hold 
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Table 3-5. Conditions  for  Tank  Vent  Gas  Canister  Samples  Permanent  Gas  Analysis 

Instrument 

I .5 ft x 1/4 inch 0.d.  Glass  Column,  Mole  Sieve Column(s) 

Fixed  Volume  Loop (0.5 mL) Injection  System 

Thermal  Conductivity Detector 

PE  Nelson  TurboChrom  Data  System 

Hewlett-Packard 571 OA 

5A, 80/100 Mesh  Packing 

2.7 ft x 114 inch 0.d. Glass  Column,  Porapak Q, 
80/100 Mesh  Packing 

Carrier  Gas 

50°C, Isothermal Temperature  Program 

40 mUmin Carrier  Flow  Rate  (each  column) 

Helium 

M k  Vent - EPA  Method 18:' On-Site  GC  Determination 

of  Hvdrocarbons  and  Permanent  Gases  bv  GC-FIDTTCD 

Samde PreParation.  Vent  gas  sample  was  extracted  directly  from  the  vent  gas  line 

through  heat  traced  (in  cold  weather)  1/4-inch  stainless  steel  tubing,  into  the  GC  sample 

loops,  through  a  small  sample  pump  and  then  vented  to  the  atmosphere  (Sites 1 and 

2). The  fixed  volume  of  the  sample  loops  was  injected  directly  into  the  GC.  A  nominal 

loop  size  of 0.5 mL  was  used  for  the  FID,  and  a  nominal 1.0 mL  loop  was  used  for  the 

TCD  system.  Sample  flowed  continuously  through  the  sample  lines  and  pump to avoid 

condensation  or  losses  on  the  walls  of  the  tubing. 

At  Sites 3, 4, and 5, dilution  of  the  sample  was  necessary  for  the  FID  instrument in 

order to quantitate  the  high  levels  of  compounds in the C,-C, range.  The  sample  was 

carefully  diluted  to  avoid  diluting  target  analytes,  such  as  ethylbenzene  and the xylenes, 
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below  the  detection  range of the  instrument.  Therefore,  precise  control  of the  dilution 

ratio  was  required  and  was  site  specific,  although  dilution  factors  were  in  the  range  of 

10 to 20. These  dilution  factors  were  established  at  each  site  and  were  verified  through 

the  analysis  of  diluted  standards.  Samples  analyzed  on  the  TCD  for  permanent  gases 

and  C,-C, hydrocarbons  were  not  diluted. 

Sample  Analvsis.  Gas  samples  delivered  directly to the  on-site  analytical  system  were 

semi-continuously  analyzed  for  hydrocarbons (C4-C10+) using  a  gas  chromatograph 

equipped  with  a  FID.  Analytical  system  operating  conditions  are  listed in Table  3-6. 

Table  3-6.  On-Site  Gas  Analysis  for C4-C1, Hydrocarbons 

Instrument 

5 pm  film  RTX-1,  60  Meters  by  0.53  mm  id.  Column 

Automated  Fixed  Volume  Loop  Injection  System 

PE Nelson  2600 Data  System 

T r a m  540 

Capillary 

Carrier  Gas/Flow  Rate  Helium.  Flow  Rate 6 mUmin 

Make-up  Gas/Flow  Rate 

Fuel  Gases 

Helium,  Flow  Rate 30 mUmin 

Hydrogen 
350 mUmin  Air 
35 mUmin 

Temperature  Program a 40°C  for 5 Minutes,  Programmed  at  8"C/min to 
200"C,  Hold  for 11 Minutes 

a Nominal  temperature  program. An  appropriate  temperature  program was  used to  obtain  the  best 
separation  for  the  simultaneous FID and TCD analysis  based on concentrations  and  conditions 
encountered at each site. 

Concurrent  with  the  GC-FID  analysis,  permanent  gases  and Cl-C3 hydrocarbons  were 

analyzed  using  a  thermal  conductivity  detector  system  (TCD).  Analytical  conditions  for 

the  TCD  system  are  presented in Table 3-7. The  instrument  was  configured  with two 
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gas  sampling  valves  to  perform  the  simultaneous  analyses.  Each  column/detector 

system  employed  a  loop  injection  valve  for  introducing  a  fixed  volume  of  sample  onto 

the  column.  The  sample  loops  for  the  FID  and  TCD  were  simultaneously  filled  before 

injection.  Quantitation of target  analytes  was  based  upon  compound-specific  response 

factors,  where  calibration  standards  were  available  for  the  target  compounds  and  a 

carbon  response  factor  derived  from  n-hexane  for  all  compounds  for  which  a  standard 

was  not  available. 

Table  3-7.  On-Site  Gas  Analysis  for  Permanent  Gases  and C,-C, Hydrocarbons 

Instrument 

Data  System 

Tracor  540 

PE  Nelson 2600 

11 Injection  System I Automated  Fixed  Volume  Loop 
I 

Column  10 ft. by 1/8" 0.d.  Stainless  Steel  Packed 
with  Molecular  Sieve  13X 

, Carrier  Gas/Flow  Rate 

with  3%  OV-101  on  Chromosorb 

Helium,  Flow  Rate = 30 mUmin 

Pre-Column  18" x 1/8" 0.d.  Stainless  Steel  Packed 

Pre-Column  Backflush  Gas/Flow  Rate  Helium,  Flow  Rate = 30 mUmin 

Temperature  Program a 40°C  for 5 Minutes,  Programmed  at 
8"C/min  to  200"C,  Hold  for 11 Minutes 

Nominal  temperature  program. An  appropriate  temperature  program was used  to  obtain  the best 
separation  for  the  simultaneous FID and TCD analysis  based  on  concentrations  and  conditions 
encountered at each site. 

Separator  Flash @s - Hvdrocarbons  and  Permanent  Gases 

Bv GC-FIDmCD  fAnalvzed  bv  Core  Laboratories) 

Sample  Preparation.  Samples  received  in  the  laboratory  at  pressure  were  bled  down  to 

approximately  30  psig  in  cases  where  the  separatorlheater  treater  pressures  were  more 

than  30  psig.  Samples  were  heated  to  140°F  and  allowed to equilibrate  at  that 
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temperature for 2  hours  prior to analysis.  Samples  were  stored at room  temperature 

when  not in the analysis  queue. 

SamDle Analvsis for Hydrocarbons  and  Permanent  Gases  bv  GC-FIDTTCD.  Samples 

collected in high-pressure  cylinders  were  analyzed  for C,-C, hydrocarbons,  nitrogen, 

carbon  dioxide,  hydrogen  sulfide,  and  oxygen  using GPA Method  2261-90.10  Analysis 

Of C&o+ hydrocarbons and aromatic  compounds  followed  GPA  Method  2286-86.” 

Analytical  conditions for both methods  appear  in  Table  3-8.  Target  analyte 

concentrations  were  derived  from  individual  compound  response  factors. 

liauid Samples 

Two types  of  liquid  samples  were  collected,  sales oil and the pressurized  liquid crude 

oillcondensate from the separatorlheater  treater. 

Separator  Crude OiKondensate - Hvdrocarbons  bv  GC-FID.  The  liquid  sample 

volume in the cylinders  was  determined  by  weighing the cylinders  before  and after 

sampling.  Density  measurements  were  either  made  or  assumed to convert the sample 

weight to volume.  These  measurements  were  used in conjunction  with the known 

volume of the cylinders  as  a  check  that  liquid was collected in the field.  Hydrocarbon 

analysis  for Cl-Cl0+ hydrocarbons,  including  benzene,  toluene,  ethylbenzene,  xylenes, 

and other  aromatics,  was  performed  according  to GPA  Method  2186-86.” The liquid 

oikondensate samples  collected in the high-pressure  cylinders  were  above 

atmospheric  pressure  (at the separatodheater  treater  pressure)  and  were  known to 

contain dissolved  gases. The gas  and  liquid  phases  were  not  separated  prior to 

analysis. The analytical  method, GPA  2186-86,  uses  a  pressurized  loop injection 

system to introduce the sample  into the instrument. In this  manner,  liquid  components 

and dissolved  gases  are  analyzed in one  chromatographic  run.  Analytical  system 

conditions  were  similar to those  found  in  Table  3-8  under C&o+ hydrocarbon  analysis 

with the exception of the injection  system.  Target  analyte  concentrations  were  derived 

from individual response  factors. 
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Table  3-8.  Conditions  for  Separator  Flash  Gas  Sample  Analysis 

Instrument 

Detector 

1 Injection  System 

Carrier  Gas 

11 Carrier  Flow  Rate 

Instrument 

Detector 

Injection  System 

Column 

Carrier  Gas 

Temperature  Program 

GC/TCD 

Thermal  Conductivity  Detector 

Fixed  Volume Loop 

Mole  Sieve  13WSilicon  Oil  DC200-500 

Helium 

-35 mumin 

~ ~~ 

Flame  Ionization  Detector 

Fixed  Volume  Loop/Pressure  Differential 

Methyl  Siloxane, 50 m x 0.32  mm  id,  2  pm  Film 
Thickness 

~~ 

Helium 

-1 .O mUmin 

40°C for 5 min,  6.5"Clmin to 80°C 
hold  0.1  min.,  15"C/min to 200°C 
hold  15  minutes 

Sales  Oil - Reid  Vapor  Pressure/API  Gravity.  The  Reid  Vapor  Pressure  and  API  gravity 

of sales oil samples  were  determined  by ASJM D-323I3  and ASTM D-129814, 

respectively.  The  composition  of  the  sales oil was  determined  by  GC/FID  using  GPA 

Method  2186-86 for the extended  analysis of hydrocarbon  liquids.  One  sample  was 

analyzed  from  each  collection  day. 
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Section 4 

SITE SELECTION,  DESCRIPTIONS  AND  EMISSION  MEASUREMENTS 

This  section  will  describe  the  criteria  used in site  selection,  a  description of each of the 

..sites sampled,  and  the  emission  measurement  results  at  each  site. 

SITE  SELECTION 

Site  selection  was  based  primarily  on  the  physical  characteristics of the crude oil or 

condensate  and the site  applicability to the  program  objectives. An  API gravity  for  the 

crude oil of between 20 and 40 was  desired;  and  for  the  condensate,  the  desired  API 

gravity  was 40 to 65. A  single  vent  from  one  set of oil/condensate  tanks  was  desired 

for each  site. In addition, it was highly  desirable  that  the oil tanks  vent line be isolated 

from  any  produced  water  tanks  and  their  vent  line(s).  Bolted  tanks  were  not  considered 

as  potential  sampling  candidates  due  to  the  difficulty in assuring  a  leak-free  system. 

The welded  tank  criteria  eliminated  a  very  large  percentage of potential  sites. 

Suitability  for  sampling was  also  based  on  the  following,  less  critical  criteria: 

Oil throughput; 

Separatorlheater  treater  temperatures  and  pressures; 

Tank  integrity; 

Sample  port  availability; 

Accessibility of tank vents; 

Site  locations; 

Safety  considerations (e.g., presence  of H,S); 

Required site modifications;  and 

Mobile  laboratory  space  and  power  considerations. 
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Proposed  sampling  sites  were  screened  by  site  visits  before  sampling  to  determine  the 

suitability of the  site.  All  sites  were  reviewed  and  approved  by  the  API  project  group 

chairman  before  sampling  was  initiated.  Due  to  different  configurations  at  each  site, 

modifications  were  made  as  necessary  to  obtain  the  information  critical  to  model 

evaluation.  These  modifications  will  be  described  below.  A  summary of the  site 

characteristics of  each  site  sampled is included  in  Table  4-1. 

Table 4-1.  Summary  of  Site  Characteristics 

7 60 15.2  72 495 

Average values for the sampling  period. 
a bopd = Barrels of oil per day 

SITE  DESCRIPTIONS  AND  EMISSION  MEASUREMENTS 

A  detailed  description  of  each  site  sampled  during  the  course  of  this  project is included 

in this  section.  Any  site  modifications or difficulties  with  collecting  valid  samples  are 

discussed.  Site  conditions  during  sampling  and  emission  measurements  are  also 

included  and  discussed. 

Emissions  from  each  site  are  presented in pounds  per  hour  to  accurately  reflect 

measured  emissions  across  the  measurement  periods  of  one to four  days.  Model 
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predictions  recorded  in  Section 5 are  also  presented  in  pounds  per  hour  for  direct 

comparison.  The  emissions  can  easily  be  converted  to  tonslyear;  but  since  measured 

temperatures,  pressures,  etc.,  do  not  reflect  yearly  averages,  these  units  have  not  been 

used to report  results. 

Site 1 Descrmtlo  n 

Site 1 was  located  in  West  Texas. It consisted  of  three  410-barrel  tanks  which  included 

a  produced  water  tank,  an  oil  production  tank,  and  a  reserve  oil  tank. All three  tanks 

were  connected  by  a  common  2-inch  vent  line.  Other  site  characteristics  are  presented 

in  Table  4-2.  Separator  gas  samples  were  collected  from  the  heater  treater  fuel  gas  line 

immediately  after it split  from  the  sales  gas  line.  Pressurized oil samples  were  collected 

from  a  sample  port  on  the  upstream  side  of  the  separator  transfer  valve.  This  valve 

remained  closed  until  a  certain  liquid  level  was  achieved  in  the  separator  and  then it 

opened to allow  oil  flow  to  the  tank.  Therefore,  the  samples  were  collected  before  the 

valve  since  a  pressure  drop  and  possible  flashing  occurred  between  this  valve  and  the 

tank.  The  separator  temperature  was  monitored  by  inserting  a  thermocouple  into the 

thermowell  normally  occupied  by  the  heater  treater  thermocouple.  The  heater  portion 

of the separator  was  not  operational  during  sampling.  The  separator  flash  gas 

production  rate was  determined  from  an  on-site  sales  gas  meter. 

. .  

Sales  oil  samples  were  collected  from a sample  port  immediately  after  the  oil  tank  level 

controller.  Since  the  line  contained  stagnant  oil,  sales oil samples  were  only  collected 

during  tank  pumping  cycles or  by  thoroughly  purging  the  oil  line  to  get  a  representative 

sample  from  the  tank.  Sales  oil  temperatures  were  recorded  several  times  each  day  by 

purging  oil  from  the  line  until  a  representative  sample  was  obtained  before  measuring 

the temperature. 

The  vent  gas  flow  rate  and  composition  samples  were  taken  from  a  4-inch  port in the 

upper  edge of the  reserve  oil  tank  and  not  from  the  normal  vent  line.  The  4-inch  line 

was  reduced  to 2 inches  and  finally  to 1 inch in order to connect  the  dry  gas  meter  used 
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Table  4-2.  Site 1: Characteristics  During  Sampling 

Number of Tanks 

No, Production  on  Timers Wells  Continuously  Producing 

Eight Number  of  Wells 

Yes,  Bypassed  for  Testing  Vapor  Recovery  Unit 

Yes  Produced  Water  Flash  Included  in  Vent 

410 bbl each  Size  of  Tanks 

Three 

Oil Production I 188  bbl/day I1 
~~~~~~~~~~~~ 

Separator  Gas  Production I 120 Mscfd 

Separator  Pressure I 17.3  psig II 
Separator  Temperature 

8.03  psia Sales Oil Reid  Vapor  Pressure 

38.6 O Sales  Oil  API  Gravity 

8.33  scfm  Average  Vent  Gas  Flow  Rate 

756°F 

to measure  vent  flow.  An  orifice  plate  was  not  used  at  this  site  to  measure  flow  due  to 

the  failure  of  both  the  primary  and  backup  data  system  computers.  Canister  samples 

were  collected  from  a  2-inch  section  of  line  extending  from  the  tank.  Continuous  GC 

samples  were  taken  from  inside the tank  by  running  1/8-inch  stainless  steel  tubing 

through the 2-inch  line  into  the  top  of  the  tank.  This  action was taken to minimize the 

amount  of  ambient  air  sampled  during  periods  of  negative  flow. 

Daily  oil  production  was  recorded  from  an  on-site  sales oil meter.  Generally,  the  tank 

levels  were  automatically  controlled  between 5.5 and  7.5  feet  leaving  approximately 9 
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feet of  headspace in the primary oil tank.  The  lease  custody  automatic  transfer  (LACT) 

unit  removed oil from the tank  approximately  four  times  each  day  at  a  rate of  about 1.3 

barrelsjminute. It generally  operated  about 40 minutes and pumped  about 50 barrels of 

oil into the pipeline. The produced  water  tank  was  operated  automatically  at  similar 

levels  with the water  going to a  central  injection well. The produced  water  meter  was 

not  operational, so the amount  of  water could not be recorded.  However,  site 

personnel  indicated that approximately  one barrel of  water  was produced  for  two 

barrels of oil. The reserve oil tank was  empty  during  sampling. The vent  gas  at the top 

of the reserve oil tank was a  composite of the gas  emissions  from the oil and  produced 

water  tanks. The contribution  from the produced  water  tank could not be separated 

from the oil tank  emissions  at this site. 

4 i 

Vent flow rates  were  measured  using  a  4-inch  port in the upper  edge of the reserve oil 

tank and not the 2-inch vent  line.  The  vent line was sealed  by  an  EnardoTM  pressure 

equalization  valve  which  opened  at  approximately 2 ounces  per  square  inch  (osi) of 

pressure or  vacuum.  Therefore,  the  EnardoTM  acted  as  a  pressure-relief  valve;  only 

opening  when the pressure  on the tanks  exceeded 2 osi  or  where  a  corresponding 

vacuum  was pulled on the tank.  During  times of high  production,  with  six  or  more  wells 

pumping,  vent gas pressure  opened the EnardoTM  valve  and some  vapor  escaped 

unmeasured. It was estimated  emissions  lost  through  the  EnardoTM  constituted 10% or 

less  of the total vent  flow  during  times of high production. 

The tank  Thief  hatches  were also designed to open  and  relieve  pressure  (or  vacuum) 

at 2 to 4  ounces  per  square  inch. It was  determined  that  these  Thief  hatches  were 

continually leaking vapors  around the seals.  Measured  flow  rates  were  lower  than 

actual  due to'the amount  of  vapor  escaping  around the hatch  lids.  Host  site  personnel 

replaced the gaskets in the oil tank Thief  hatches and a solid gasket  was  fashioned  for 

the water tank hatch. In addition,  each  hatch was bagged  using  two  heavy  duty  plastic 
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bags  taped  to the exterior  of  the  hatch.  These  35-gallon  bags  indicated the magnitude 

of  the  leak  around  the  hatches  by  the  amount  of  time  required to fill them. 

The  Rockwell  dry  gas  meter  measuring  vent  flow  had  a  flow  of  around 500 scfh  at  a 

pressure  of 1 to 1.5 inches of water  column  under  average  flow  conditions.  During 

times  of  high  flow,  the  dry  gas  meter  recorded  flow  as  great  as 970 scfh  at  a 

backpressure  of  seven or more  inches  of  water.  Some  gas  was  lost  through the 

EnardoTM  valve  and  through  diffusion  at  the  bagged  hatches  during  these  times.  Since 

the  higher  flows  were  above  the  calibration  range  of  the  gas  meter,  an  additional 

calibration  point  was  added  at  the  higher  levels  after  completing the sampling  effort. 

The  dry  gas  meter  was  accurate in the  flow  ranges  measured. 

During  the  times  when  no  wells  were  pumping,  oil  was  being  pumped  from  the  tank,  or 

when  water  was  pumped from.the produced  water  tank,  the  dry  gas  meter  ran 

backwards  as  air  flowed  back  into  the  tank  to  replace  the  volume of oil  or  water 

removed.  These  times  of  negative  flow  were  averaged  into  the  flow  measurements 

recorded  from  the  dry  gas  meter.  Therefore,  during  each  measurement  period  of 

approximately 45 minutes,  the  dry  gas  meter  reading  would  reflect  the  amount  of  gas 

exiting the vent  minus  the  amount  of  air  flowing  back  into  the  tank.  Added to the  wells 

turning  on  and  off  at  preset  intervals,  the  periods  of  positive  and  negative  flow  resulted 

in  highly  variable  vent  flow  rates  as  shown in Figures 4-1 and 4-2. The  variability  in  flow 

was  observed  to  be  more  of a function  of  the  number  of  wells  pumping  at  any  given 

time,  though  some  contribution  from  ambient  heating  was  observed. 

The  average  flow  measured  over  three  days  was 8.33  scfm  with  a  standard  deviation  of 

4.92 scfm.  The  measured  flow  rates  represent  only  daytime  contribution.  Since the 

measurements  were  made  manually,  flows  were  not  measured  at  night  (approximately 

8:OO pm  until 7:OO am).  Therefore, the average  flow  rates  do  not  reflect  the  nighttime 

well  pumping  schedule  or  variations  caused  by  cooling  ambient  temperatures.  Based 

on  the  average  vent  flow  rate,  the  volume  of  the  three  tanks  connected  by  the  common 
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vent,  and  estimated  liquid  levels  of 8 feet  in  both  the  oil  and  water  tanks,  the  vapor 

residence  time  in the tanks  could  be  as  long  as 9.2 hours,  assuming  steady-state  flow 

rates. 

The  vent  gas  composition  was  measured  by  on-site GC approximately  every 40 
minutes  (day  and  night)  over  the  three  day  monitoring  'period.  The  concentrations  were 
averaged  over  the  monitoring  period  to  reflect  an  average  concentration  (presented in 
Table 4-3). The  relative  standard  deviations (RSDs) are  included  as  a  measure  of  the 
Variability  of the concentration  measurements.  The RSDs represent  variability in the 
gas  stream  composition  plus  any  contribution  from  the  sampling  and  analytical  systems. 
For  most  compounds,  the  variability  in  the RSDs over  the  monitoring  period  was  less 
than 20% indicating  a  relatively  constant  vent  gas  composition.  The  concentrations  for 
the  various  components  of  the  vent  gas  have  been  used  with  the  average  vent  flow  rate 
to  calculate  emissions in pounds  per  hour.  These  average  measured  emissions  will be 
compared to the model  output  in  Section 5. 

As shown  in  Table 4-3, the  butanes  and  pentanes  were  measured  fewer  times  than the 
other  compounds.  These  compounds  were  over-ranged  on  the GC/FID and  were  not 
measured  on  the  TCD.  The 16 measurements  were  syringe  dilutions  of  the  vent  gas 
stream to quantify  these  compounds. All other  compound  concentrations  were the 
averages  of 57 to 65 analyses  made  over  the threeday sampling  period. 

It  should be noted  that  the  compound  concentration  measurements  were  made  on a 24 

hour  basis,  but  flow  measurements  were  made  on  a 13 hour  basis.  Therefore,  the 
calculated  emissions  do  not  represent 24 hour  per  day  operation.  The  calculated 
emissions  were  considered to be  an  inadequate  test  for  the E&P TANK  model  because 
continuous  measurements  were  not  made  for  comparison  purposes. 

Twelve-hour  composite  canister  samples  were  also  analyzed  for  the  target 
hydrocarbons. As with  the  on-site GC concentrations,  the  canister  concentrations  were 
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averaged  over  the  three-day  period  (a  total  of  six  canisters).  The  average  canister 

concentrations  and  the  emission  measurements  from  these  samples  based  on the 

average  vent  flow  rate of 8.33  scfm  are  also  presented in  Table 4-3. Measurements 

from  individual  canisters  can  be  found  in  Appendix D. 

Comparison of emissions  measured  with  canisters  to  those  measured  with  the  on-site 

GC  show  good  agreement  for  most  of the  target  analytes.  The  canister  samples  reflect 

more  ambient  air  flow  back  into  the  tank  than  the  on-site  GC  samples  due to placement 

of  the  sample  line.  The  on-site GC  also  provides  higher  concentrations  for the C,-ClO, 

hydrocarbons.  These  higher  concentrations  may  be  due  to  condensation in the vent  or 

sample  lines  or  possibly  condensation in the canister.  A  small  amount  of  condensation 

was  observed in the vent  lines  and in the dry  gas  meter  during  sampling. 

The  on-site  GC  measured  toluene  approximately two times  higher  than the canister 

sample.  The  toluene  discrepancy is likely  due  to  a  co-eluting  hydrocarbon  on the on- 

site  GC  column  which  is  identified  and  quantitated  as  toluene.  This  results in increased 

BTEX  and  HAP  emission  estimates  from the  on-site GC. Toluene  emissions  from the 

canister  samples  will  be  used  in  the  model  comparisons  in  Section 5.  

All  quality  control  samples  called  for  in  the  Quality  Assurance  Project  Plan  (QAPP)  were 

collected  at  Site 1. The  results  from  the  analysis of QC  samples  are  presented in 

Appendix C. In general,  duplicate  samples  gave  very  low  relative  percent  differences 

(RPDs) for  most  compounds. As can be expected,  compounds  measured  near the 

detection  limits  exhibited  higher RPDs in  duplicate  samples. 

Site 2 Description 

Site 2 was a  water  flooded  oil  field  in  southeastern  Colorado.  It  consisted of four 1000- 

barrel  tanks  connected by a common  3-inch  vent  line.  The  production  rate  was  1600 

barrels of oil per  day.  The  site  also  had two 300-barrel  test  tanks  which  had  their  own 

vent  system.  These  test  tanks  were  not  used  during  emissions  testing.  The  produced 
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water  flowed  directly  into  a  5000-barrel  raw  water  tank  which  was  used to supply the 

injection  wells.  The  site  also  had  a  1500-barrel  water  tank  and  three  300-barrel  water 

tanks. All water  tanks  were  blanketed  with  produced  gas  from  the  heater  treater  and 

had  no  emissions.  Other  site  characteristics  are  provided in Table 4-4. 

Table 4 4 .  Site  2:  Characteristics  During  Sampling 

11 Number of Oil Tanks I Four 

11 Size  of Oil Tanks I 1000 bbl 
II I 

11 Produced  Water  Flash  Included I No,  Produced  Water  SeDarate 
~ ~~~~ 

Vapor  Recovery  Unit 

Seven Number  of  Wells 

No 

1 12" F SeparatorIHeater  Treater  Temperature 

30 psig SeparatorIHeater  Treater  Pressure 

Not  Measured Gas  Production 

1600  bblslday Oil Production 

No,  Product  Trucked  from  Site Tanks  Level  Controlled 

Yes LACT  Unit 

Yes,  Water  Flooded  Field  Wells  Continuously  Produce 

11 Average  Vent  Gas  Flow  Rate I 74.9 scfm 

11 Oil  API  Gravity I 43.2" 

Oil  Reid  Vapor  Pressure I 8.7 psia 
__e 

Produced oil and  water  from  this  site  went  into  a  large  horizontal  heater  treater 

operating  at  30  psig  and  112°F.  The  heater  treater  was  fired  using  flash  gas  from  this 

separation.  Excess  flash  gas  was  used  as  blanket  gas  on  the  water  tanks.  Vent  lines 

were  present  which  would  allow  a  very  small  amount  of  flash  gas to be  vented to the 
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atmosphere,  but  gas  flow  from  these  lines  was  not  observed.  Total  production  of  flash 

gas  was  not  recorded,  but it was a  relatively  small  amount  compared  to  the  oil 

production.  The  pressure  differential  between  the  oil  at  the  wells  and  the 30 psig  heater 

treater  was  not  determined. 

Separator  gas  samples  were  collected  from  the  feed  gas  line on the  heater  treater. 

Pressurized oil samples  were  collected  from  pipes  in  the  end  of  the  heater  treater  which 

extended  into the oil.  The  heater  treater  temperature  and  pressure  were  recorded 

manually  from the site-supplied  thermometer  and  gauge,  respectively. 

Sales  oil  samples  were  collected  from  a  sample  port  in  the  oil  line  immediately  before 

the  sales  meter. Oil samples  were only collected  during  pumping  cycles. Oil was 

removed  by  truck  with  each  truck  carrying  approximately 190 barrels.  Eight to nine 

trucks  per  day  were  required  to  remove  the 1600 barrels  of  oil  produced.  Each  truck 

required  approximately  30  minutes to fill. Negative  vent  gas  flows  were  not  observed 

during  oil  removal  cycles. 

Site 2 Emlsston  Measu rements 

Vent  gas  flow  rate  and  composition  samples  were  collected  from  2-inch  extensions  of 

the  3-inch  vent  pipe.  The  €nardom  valve was removed  and the 3-inch  vent pipe was 

extended to the catwalk  for  easy  access.  Initially, a single  2-inch  extension  with  a 1.25- 

inch  orifice  plate  was  used  in  an  attempt  to  measure  the  gas  flow  rate.  This 

arrangement  provided  too  much  backpressure  on  the  tanks  causing the Thief  hatch 

valves  to  open  and  vent  gas.  The  Thief  hatch  seals  were  replaced in an  attempt to 

make  the  system  leak  tight.  Vent  gas  flow  rates  were  then  measured  using  a tee 

system  and two 2-inch  lines  with  orifice  plates  in  each to avoid  adding  backpressure. 

Total  flow was  determined  by  adding  the  two  individual  flows  together.  However, it was 

determined  that the 3-inch  vent  line  was  too  small  to  accommodate the amount  of  gas 

produced  or  was  partially  obstructed  near  the  tanks.  The  resulting  backpressure 

. .  
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caused  the  Thief  hatch  vents to open  and  vent  a  portion  of the gas. It was  estimated 

that  the  amount  of  gas  lost  through  the  vents  was 10% of the  total  flow. 

Due to the  problems  noted  above,  the  flow  was  only  monitored  for  a  period  of  five  hours 

on  one  day.  This  time  period  reflected  the  best  conditions  of  sealing the hatches  and 

measuring  flow  using  the  dual  orifice  system.  Despite  the  maintenance  and 

precautions  taken,  some  vent  gas  was  lost  through  the  Thief  hatches  during  this 

measurement  period. As noted  above, it was  estimated to be  approximately 10% of  the 

total  flow.  Therefore,  the  average  flow  rate  during  this  time, 74.9 scfm  with  a RSD of 

13.6% should be used  as  a  minimum.  Data  have  not  been  corrected  for  unmeasured 

emissions.  Flow  was  positive  at  all  times,  including  truck  loading  periods. 

One  on-site  GC  analysis  was  performed  during the  vent  flow  measurements.  Due to 

the warmth  of  the  oil  entering  the  tank (-100°F) and the cold  ambient  temperatures (20 
to 30°F at  night),  condensation  was  observed  in  the  vent  line,  GC  sample  lines,  and  in 

the GC injection  loops.  Numerous  attempts  to  heat  the  lines  and  clean  out the liquids 

resulted in one  valid  sample  analysis  during  the  monitoring  period.  The  results of the 

on-site  GC  analysis  are  shown in  Table 4-5. 

The  compounds  normally  analyzed  on  the  TCD  could  not be quantitated.  The  response 

for  methane,  ethane,  and  propane  on  the FID, even  at  a 1 to 10 dilution,  was  over- 

ranged  on the FID  and  could  not be quantitated.  Therefore,  a  total C,, VOC  and total 

hydrocarbons  could  not  be  quantitated  for  this  analysis.  However,  total  BTEX,  total 

HAP, and an estimate  of the total C,, VOC  emissions  were  made. 

A canister  sample  was  collected  during  the  time  the  vent  flow  was  measured.  The 

results  from  the  analysis  of  this  canister  are  presented in Table 4-5. The  results of this 

time-integrated  canister  do  not  agree  with  the  on-site GC as well  as  those  from  Site 1, 

presumably  due to the problems  with  condensation in sample  collection  lines. As a 

general  rule,  the  on-site GC provided  higher  concentrations  for the heavier 
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Oxygen 
Nitrogen 

Carbon  Dioxide 

Methane 

Ethane 

Propane 

I-Butane 

n-Butane 

I-Pentane 

n-Pentane 

n-Hexane 

n-Heptane 

Benzene 

Toluene 

Ethylbenzene 

m,p-Xylenes 

o-Xylene 

Other C, 

Other C, 

C8 

c9 

c,, 
Total 

Total BTEX 

Total  HAP 

Total C,+VOC 

Total C,, VOC 

Total  Hvdrocarbon 

NM a 

NM a 

- 
NM a 

NM a 

182,700' 

71,600 

127,000 

49,500 

57,600 

15,700 

6,000 

3,823 

4,240 

63.3 

183 

129 

19,852 

5,477 

8,570 

3,195 

2,987 

- 
98.50 

50.84 

90.06 

43.55 

50.84 

16.53 

7.36 

3.65 

4.77 

0.08 

0.24 

0.17 

20.91 

6.70 

11.95 

5.02 

5.20 
- 

8.91 

25.54 

416.33 

NM 

NM 

O b  
20,809 

5,689 

123,249 

142,157 

285,517 

47,623 

166,557 

37,207 

82,862 

18,350 
- 

2,046 

1,183 

214 

568 

181 

30,649 

25,406 

8,544 

1,836 

199 

Not Measured 
Normalized for the amount of oxygen. No oxygen was detected  in  the  pressurized  oil  sample. 
Estimation;  peak over range  on GC. 
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0.23 
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components.  However,  due  to  the  problems  with  condensation  observed  with the GC, 

the  canister  sample is considered  to  be  more  representative  of  the  vent  flow 

composition  and  site  emissions.  The  canister  sample  analysis is used in Section 5 for 

model  comparison. 

Since  measurements  were  made  over  a  relatively  short  time  period  during  one  day,  the 

measured  emissions  from  this  site  may  not  totally  consider  diurnal  fluctuations. 

However,  the  production  rate  at  this  site  was  high  and  the oil very  warm, both of  which 

tend  to  negate the effects  of  ambient  heating  and  cooling  cycles  on  measured 

emissions. 

The  numerous  problems  with  measuring  vent  flaws  encountered  at  this  site  precluded 

the  collection  of  the  planned QC samples.  During the  short  collection  and 

measurement  period,  individual  samples  of  the  separator  gas,  separator  oil,  and  sales 

oil were  collected. No duplicate  samples  were  collected. 

Site 3 Description 

Site 3 consisted  of  a  condensate  collection  facility  associated  with  natural  gas 

production  located  in  southern  Louisiana.  The  site  produced  approximately 11 MMscfd 

of  natural  gas  and  approximately 500 bbl/day  of  condensate.  Other  site  characteristics 

are  provided in Table 4-6. 

A high-pressure  separator  removed  the  liquids  and  dropped the pressure  from  over 

1000 psig to 60 psig.  The  condensate  then  went to a  heater  treater  operating at 22 

psig  and 112°F. The  flash  gas  from  this  heater  treater  was  used  as  fuel  gas  for the 

heater  treater  and  other processes.  Gas  samples  and  pressurized  condensate 

samples  were  collected  at  the  heater  treater  before  pressure  reduction.  Temperatures 

for  the  heater  treater  condensate  were  taken  from  a  site-supplied  thermocouple,  but 

these  readings  were  from  near  or  within  the  firebox  and  were  considered to be higher 

than the actual  condensate  temperature.  Therefore,  the  temperature  of the condensate 
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Table  4-6.  Site 3: Characteristics  During  Sampling 

Number  of  Tanks 

5000 bbl Size  of  Tanks 

Two 

Two Number  of  Wells 

Yes,  Bypassed  for  Testing Vapor  Recovery  Unit 

No,  separate  Vent Produced  Water  Flash  Included in Vent 

11 Wells  Continuously  Producing I Yes 

11 LACT Unit I Yes 
~ ~ _ _ _ _  

Tanks  Level  Controlled 

8.07 psia Sales  Oil  Reid  Vapor  Pressure 

48.8" Sales  Oil  API  Gravity 

1.59 scfm Average  Vent  Gas  Flow  Rate 

1 1 2" F SeparatodHeater  Treater  Temperature 

21.8 psig SeparatodHeater  Treater  Pressure 

Not  Measured SeparatodHeater  Treater  Gas  Production 

438 bbl/day Oil  Production 

No,  Product  Trucked  from  Site 

exiting  the  heater  treater  was  measured  with  a  thermocouple  placed  on  the  oil  line.  This 

value  was  approximately  eight  degrees  less  than  the  measurement  at  the  firebox  and 

was  used  as the heater  treater  operating  temperature  during  emission  estimates. 

The  heated  condensate  flowed  through  an  above-ground  pipe  more  than 300 feet  from 

the heater  treater  to the primary  oil  tank.  At  the  time of sampling,  ambient  temperatures 

were  cool,  allowing  the  condensate  to  cool  from 112°F at  the  heater  treater to 

approximately 60°F entering  the  tank. 
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The  condensate  flowed  into  a  5000-barrel  tank.  A  second,  empty  5000-barrel  tank was 

connected to the  main oil tank  through  vent  lines  and  an  overflow  pipe. A 4-inch  vent 

pipe connected  each  tank  and  conveyed the flash  vapors to a Vapor  Recovery  Unit 

(VRU) located  at  ground  level.  The VRU  was bypassed  for  testing  purposes.  The  vent 

gas flow  rate was  measured  using  an  orifice  plate in a  2-inch line connected to a liquid 

knockout  immediately  before  the VRU. 

Daily oil production  was  recorded  from  an  on-site  meter.  Generally, the condensate in 

the primary  tank  was  maintained  at  a  level  between  9  and  12  feet.  The  spare oil tank 

was  empty. Oil was trucked  from  the  site  approximately  two to three  times  per  day. 

Each  truck held approximately  185  barrels.  Sales oil samples  were  collected  during 

truck  loading. No oil was  removed  on  January  31,  1996, the second  day of  sampling. 

The oil sample  for this day  was collected on the third day  of  sampling  when  four  trucks 

were  filled. 

Site 3 Emission  Measurements 

Due to the cold temperatures  (three-day  average of 46°F)  encountered  during this 

sampling  event,  vent  gas  flow  rates  were  very  low.  Minimal  leakage  was  observed 

around  the  Thief  hatches  and  around the pressure-relief  valves. It is estimated  that 

less  than 1% of  the total flow was  lost  due to leakage.  Air  was  observed to flow  into the 

tank  during  truck  loading  cycles. However, during  periods when no  trucks  were being 

loaded  and no plant  upsets  were  noted;  the  vent  flow  remained  positive,  relatively 

constant,  and  very  low.  These  times  of  constant  flow  were  used to estimate  steady- 

state  emissions.  The  average  vent  flow  rate  for  the  three-day  sampling  period, 

including  periods  with  upsets  and  negative  flow was 95.5 scfh  with  a  standard  deviation 

of 59 scfh.  This  average  flow  included  periods of approximately  three  hours  each 

morning  when  a  recirculation  pump  removed  a  portion of the oil from the tank  and 

recirculated  it  through  the  heater  treater. Vent  flow  rates  were  observed to increase 

significantly  during this time  period. 

4-1 8 

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



Steady-state  vent  gas  flow  determined  during  the first day of sampling  was  taken 

between 17:18 and 01:40 and  averaged 135 scfh.  The  ambient  temperature  was  much 

warmer this  day (65.7"F) than  the  other two days  of  sampling. A steady-state  flow  was 

measured  between 19:lO and 06:lO on  the  second  day  and  averaged 81.2 scfh. The 

average  ambient  temperature  was 365°F. Steady-state  flow  was  recorded  between 

17:OO and 04:28 on  the  third  day  of  sampling.  The  average  flow  rate  and  temperature 

were 96.8 scfh and 35.6"F, respectively. 

The  steady-state  periods  and  compound  concentrations  from  the  on-site GC analysis 

were  used  to  calculate  the  emissions  shown in Table 4-7 for  the  three  sampling  days. 

As can be observed  from  the  tables,  emissions  were  much  higher  during  Day 1 when 

the  average  ambient  temperature  was  higher. As the  temperature  cooled  during  Days 

2 and 3, the emissions of the  heavier  compounds (%,) dropped.  The  lower  emissions 

were  a  function of a lower  vent  flow  rate  combined  with  lower  relative  concentrations  of 

these  compounds. 

Presumably,  the  emissions  dropped  as  a  function of  temperature  due to the  large 

volume  of the tanks  and  their  ability to act  like  a  large  condenser.  The  tank  skin 

temperature  was  determined to be  approximately 47°F during  Day 3. The  temperature 

of the oil going  into  the  tank  and  the  sales  oil  were  both  measured  at 59°F. It is thought 

that  many  of the heavier  compounds  were  condensing  on  the  tank  walls  and  running 

back  into  the  sales  oil.  This  postulation  is  supported  by  the  fact  that  little  liquid 

(approximately 75 muday) was  collected in the  liquid  knockout  immediately  before the 

or ice meter,  despite  the 36°F ambient  temperature.  Condensable  material  had 

obviously  been  removed in the  tank  or  in  the  overhead  vent  lines  before  reaching  the 

liquid  knockout. 

Since  individual  concentration  measurements  are  available  from  the  on-site GC  and 

flow  measurements  are  available  for  the  same  time  period,  the  emissions  were 

calculated  for  each GC  measurement  and  then  averaged. Little  difference  was  noted 
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Table 4-7. Site 3: Emission  Measurements  from  Days I, 2, and 3 Steady-State 
Conditions 

...................... ................................ ....... ............................... <.:.:.:.:.:. 
................................................ 
....................... :.:.:..,: 

....................... .................................. 

........................................ .................... 
~ : : ~ . # & ~  ..... ........................... 
............ .......................... ......................... ....................... 
%$$I@"& 
.......... 
....... ......... .......................... 

0" 

162,520 

40,240 

254,767 

227,167 

160,060 

52,615 

48,083 

28,036 

13,150 

4,452 

1,378 

.................................... ~ ~ g ~ ~ ~ ~ ~ ~ ~ s ; i : , : , : ~ : ~ ~ ~ ~  ....... .................. 

;;mmw 
:::*:::%:@$#@~:; ............. 

0.00 

1.13 

0.59 

1.12 

2.00 

1.66 

0.57 

0.50 

0.34 

0.1 5 

0.06 

0.02 

:,, , . , ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~  
-2 ........................ 

.,., 
...... C ................................................. 
........................................................ ..................................... 
.......................... 
............. 
......................................................... ....... ... .......... ...... :.:...:...: ..... : ............... ........................... ............................ 

0.00 

1.62 

0.63 

1.45 

2.44 

2.51 

1.09 

0.99 

0.72 

0.34 

0.14 

0.05 

.......................... .......................... 

0' 

140,176 

54,390 

2823 99 

267,903 

164,074 

49,721 

40,521 

22,046 

10,093 

3,057 

705 

........................... ........................... 

0' 

158,376 

52,390 

273,904 

260,855 

147,830 

38,865 

33,644 

18,238 

7,974 

2,585 

649 

Oxygen 

Nitrogen 

Carbon  Dioxide 

Methane 

Ethane 

Propane 

I-Butane 

0.00 

0.84 

0.51 

0.97 

1.72 

1.55 

0.62 

0.50 

0.34 

0.16 

0.06 

0.02 

n-Butane 

I-Pentane 

n-Pentane 

n-Hexane 

n-Heptane 

Benzene 

Toluene 

Ethylbenzene 

Xylenes 

3,366 

2,013 

1 02 

398 

0.09 

0.07 

0.00 

0.02 

2,270 

926 

34 

142 

0.04 

0.02 

co.0 

0.00 

1  ,960 

887 

25 

110 

0.04 

0.02 

co.00 

0.00 

12,937 

6,992 

3,068 

323 

181 

0.40 

0.25 

0.13 

0.01 

0.01 

9,380 

4,281 

1,425 

86 

37 

0.17 

0.09 

0.03 

0.00 

0.00 

8,098 

3,805 

1,342 

89 

22 

0.18 

0.10 

0.04 

0.00 

0.00 

Total 

Total BTEX 

Total  HAP 

Total C,, VOC 

Total C,, VOC 

Total  HC 

12.93 

0.18 

0.31 

6.79 

9.23 

10.69 

7.64 

0.06 

0.12 

3.60 

5.31 

6.29 

8.50 

0.06 

0.12 

3.67 

5.68 

6.79 

' Normalized for the  amount of oxygen.  No  oxygen was detected  in  the  pressurized oil sample. 
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between  point  averaging  and  time  averaging  during  the  steady-state  flow  periods  as 

shown in  Table 4-8, though  point-averaged  emissions  were  slightly  lower. 

Calculation  of  the  point-averaged  emissions  was  based  on  individual  on-site  GC 

analyses.  The  one-minute  average  vent  gas  flow  rate  recorded  at  the  time  that the GC 

sample  was  collected  was  used  to  calculate  the  emissions. In other  words,  only  one 

flow  rate  was  used  out  of  the 40+ which  were  collected  during a GC analysis.  The 

overall  emission  averages  used  average  flow  rates  from  every  one-minute 

measurement  and  average  compound  concentrations  from  the 22 or  more  GC  analyses 

made  each  day. 

For  comparison,  the  average  flow  rate  for  all  three  days  was  used  with  the  average 

canister  concentrations  to  determine  emissions.  These  data  are  also  presented in 

Table 4-8. Data  from the individual  canister  samples  using the average  flow  rate  for 

that  period  has  been  included  in  Appendix 0. Table 4-8 shows that  the  average 

emissions  over  the  three  days  are  very  similar  to  those  measured  during  Days 2 and 3 

using the GC  data  and  steady-state  conditions.  Oxygen  has  been  included in the 

emission  estimates  to  reflect  the  amount of air  flowing  into  the  tank  during  negative 

flow. It should  also be noted  that  the  flow  rate  during  negative  flow  could  not be 

measured  using the orifice  meter.  Therefore,  negative  flow is represented by 0 scfh 

and  emission  estimates  reported  in  Table 4-8 only  reflect  positive  flow  (i.e.,  reflect 

actual  emissions). 

Measurement  results  from  QC  samples  collected  at  Site 3 are  included  in  Appendix C. 

Duplicate  samples  generally  had  very  low  RPDs  for  compounds  present  at 

concentrations  well  above  the  detection  limits.  This  fact  indicates  that  the  sampling  and 

analytical  techniques  are  introducing  very  little  variability  into  the  measurement  and  that 

the  sample  streams tend to be homogeneous. 
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Table 4-8. Site 3: Average  Emissions  Calculations  from  On-Site GC and  Canisters 

Benzene 

Toluene 

Ethylbenzene 

Xylenes 

C, Range 

C, Range 

C8 Range 

C, Range 

Total 

Total  BTEX 

Total  HAP 

Total C,, VOC 

Total C,, HC 

Total HC 

503 55 

187,578 
- 

255,573 

239,405 

145,104 

42,919 

36,581 

20,188 

9,206 

2,959 

817 

2,229 

1,141 

48 

194 

8,814 

4,467 

1,760 

147 

68 
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. .......... . . . . . . . . . . . . . . . . . 

88.4 

84.4 

- 
32.6 

32.4 

33.8 

37.3 

39.2 

41.3 

42.7 

41 .O 

47.1 

39.3 

49.0 

78.7 

81 .O 

41.8 

41.7 

47.7 

78.3 

104.9 

. . . . . . . . . . . . . . . . . . . . . . . . 
i; .. .:~, . . .. . .. . . . . . . . . . . . . . .........'. :-:.:-x. 

. . . . . . . . . . . . . . . . . . 

0.40 

1.32 
- 

1.03 

1.81 

1.61 

0.63 

0.53 

0.37 

0.17 

0.06 

0.02 

0.04 

0.03 

0.00 

0.00 

0.19 

0.1  1 

0.05 

0.00 

0.00 
- 

0.08 

0.14 

3.83 

5.63 

6.66 

4-22 

0.31 

1.03 

- 
0.80 

1.41 

1.25 

0.49 

0.42 

0.29 

0.13 

0.05 

0.02 

0.03 

0.02 

co.0 

eo.0 

0.15 

0.09 

0.04 

eo.0 

eo.0 
- 

0.06 

0.1 1 

2.98 

4.38 

5.18 

61,221 

221,731 

44,301 

218,962 

188,408 

122,989 

45,046 

36,295 

19,352 

8,875 

2,716 

NM 

2,339 

1,281 

27 

1 52 

7,295 

9,643 

609 

83 

20 

0.47 

1.48 

0.46 

0.83 

1.35 

1.29 

0.62 

0.50 

0.33 

0.15 

0.05 

NM 

0.04 

0.03 

c0.0 

c0.0 

0.15 

0.17 

0.02 

c0.0 

eo.0 

8.12 

0.08 

0.13 

3.53 

4.88 

5.70 
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Site  4  Description 

Site 4 was  a  water  flooded  field in southeast  Texas.  The oil at this  field was  very  warm 

and  exited  the  wells at high  pressure.  There  were  numerous  wells  at  the  site, but each 

well  had its own  separators,  heater  treater,  and  tanks.  Each  site  had  four  400-barrel 

tanks,  three  steel oil tanks  and  one  fiberglass  produced  water  tank, all connected  by  a 

common  2-inch  vent  line.  The  produced  water  tank  was  not  used  as  a  water  tank.  The 

produced  water  was  pumped  directly  back to tanks  at  the  injection  well  for  reinjection 

into  the  formation.  Other  site  characteristics  are  presented in Table 4-9. 

Table 4-9. Site 4: Characteristics  During  Sampling 

11 Number  of  Tanks I Four 

11 Size of Tanks I400 bbl 11 Produced  Water  Flash  Included in Vent  Yes,  But No Water  and  No  Flash  Gas 1 Sent to Tank 

11 Vapor Recovery  Unit I No 

11 Number of Wells I One 

Wells  Continuously  Producing 

No LACT  Unit 

Yes 

11 Tanks  Level  Controlled I No,  Product  Trucked  from  Site 

11 Oil  Production I 259 bbllday 

11 Separator/Heater  Treater  Gas  Production I 40 Mscfd 

(I Separator/Heater  Treater  Pressure 92 psig  Low-Pressure  Separator, 46 psig 
Heater  Treater  Pressure 

11 SeparatodHeater  Treater  Temperature I 145°F 
~~~~~ ~ 

1) Average  Vent  Gas  Flow  Rate 13.07 scfm 

I 36.8" Sales  Oil  API  Gravity 

11 Sales Oil Reid  Vapor  Pressure I 5.5 psia 
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The  oil  flowed  into  a  high-pressure  separator  at 1000 psig  and 146°F. The  low- 

pressure  separator  operated  at  the  same  temperature  and  at 92 psig.  Approximately 

40 Mscfd  of  gas  was  produced  from  the  low-pressure  separator.  The  oil  then  flowed 

into  a  heater  treater  operated  at 145°F and 46 psig.  No  gas  was  removed  from the 

heater  treater. 

The  gas  produced in  the  heater  treater  was  reported  to  be  routed  through  a 

backpressure  valve  into  the  produced  water  tank.  This  backpressure  valve  was  set 

several  psig  above  the  heater  treater  operating  pressure.  The  gas  line  from the heater 

treater to the  water  tank  was  broken  to  measure  flow  of  the  flash  gas,  but  gas  never 

flowed  through  this  piping.  The  destination  of  the  heater  treater  flash  gas  was  never 

determined.  This  gas  did  not  appear  to  be  flowing  with  the  oil  into  the  produced oil 

tanks  (emission  levels  also  indicate  that  the  flash  gas  is  not  venting  into the oil tanks). 

It  is  suspected  that  the  heater  treater  flash  gas  was  exiting  with  the  water  via  a 

gaslliquid  equalization  leg  on  the  side of the  heater  treater.  Since  the  water  went  back 

to tanks  at  the  injection  well  and  not  to  the  production  tanks,  this  gas  would  not be 

measured  as  a  part  of  the  emissions.  Therefore,  all  emission  measurements  are  based 

on  the  heater  treater  operating  pressure  of 46 psig  and  a  flash to atmospheric  pressure. 

Pressurized  oil  samples  were  collected  from  both  the  heater  treater  and  the  low- 

pressure  separator.  However,  samples  collected  from  the  low-pressure  separator  were 

found to be primarily  water  due  to  the  manner  in  which  the  separator  was  being 

operated.  There  was  insufficient  oil in this  sample  to  analyze.  Valid  pressurized oil and 

gas  samples  were  collected  from  the  heater  treater.  Composition of the  heater  treater 

oil was  used  as  the  input  to  the E&P TANK  model. 

Sales oil from  this  site  had  a  high  paraffinic  content  and  appeared  to  layer  in  the  tanks. 

Sales oil samples  from  the  bottom  of  the  production  tank  had  lower  API  gravities 

(approximately  30)  than  those  of  the oil coming  into  the  tank  (approximately  36).  A 

portion  of the oil used to flush  the  lines  during  collection  of  a  sales oil sample  from  a 
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port  near  the  bottom  of the tank  solidified at  ambient  temperatures  of 35" to 36°F when 

allowed to sit  undisturbed  overnight. 

. .  w o n  Measurements 

Vent  gas  flow  rates  were  measured  with  an  orifice  plate  near  the  end of the  vent  gas 

line.  Thief  hatches  were  sealed  with  new  gaskets and were  bagged to prevent  vapor 

losses. Very little gas  was  observed  escaping  from  Thief  hatches,  and it is believed 

that most of the emissions (>95%) were  measured.  Pressure  tranducers  would 

occasionally  stop  measuring  flow  rate  accurately  due to condensation  of  heavy 

hydrocarbons in the transducer.  Taking the transducer  apart  and  cleaning it would 

correct  the  problem.  Flows  were  checked  with  a  hand-held  differential  pressure  meter 

several  times  during  the  monitoring  period  and  compared to the  continuous  readings 

from the transducers. If agreement  was  not  good,  such  as the  transducer  recorded  a 

pressure  differential  one  half of the  hand-held meter, the  transducer was taken  out  of 

service  and  cleaned. 

Vent  gas  samples  were collected  for  on-site GC analysis  and  with  time-integrated 

canisters.  The  vent  flow  was  diluted  with  nitrogen  before  analysis  by  GC/FID to bring 

as  many  analytes  into the linear  range of the  detector  as  possible.  Samples  analyzed 

by GC/TCD  were  not  diluted.  Vent  gas, oil going  into  the  tank,  and  ambient 

temperatures  were  recorded  on  a  continuous  basis.  Emissions  calculated  from  the 

average  vent  gas  flow  rate  and  GC  concentration  measurements  are  presented in 

Table 4-1 0. Emissions  calculated  from the analysis of canister  samples  are  also  shown 

in Table 4-1 0. 

Emissions  measured  with the on-site GC varied  more  at  Site 4 than at the  other  sites as 

noted  by  the  range of  RSDs  shown  in Table 4-10. These RSDs are  a  result of both 

variability in concentrations  across the three  days  (generally  on the order  of 30%) and 

variations in flow  rate.  Problems  with  the  on-site  GC  analysis  were  noted  due to 
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Table 4-10. Site 4: Average  Emissions  Measurements from On-Site GC and  Canisters 

Oxygen 
Nitrogen 

Carbon Dioxide 

Methane 

Ethane 

Propane 

I-Butane 

n-Butane 

I-Pentane 

n-Pentane 

n-Hexane 

n-HeDtane 

Benzene 

Toluene 

Ethylbenzene 

m,p-Xylene 

&Xylene 

1 

Other C4 

Other  C, 

Other C, 

Other C, 

Clch 
Total 

Total BTf3 

Total HAP 

Total  C,, VOC 

Total  C,, VOC 

Total HC 
Emissions are calculatec 

26,226 

107,745 
- 

293,076 

125,346 

290,804 

69,875 

68,114 

34,905 

23,218 

5,363 

1,250 

567 

704 

60 

108 

48 
- 
- 

13,097 

8.325 

3,224 

298 

68 

991,421 
- 
- 
- 
- 
- 

y point averaging. 
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. ........... .....-...... ..... . ........, . ..... . 
, . . . . . . . . . . . . . . . , . ._.....,_ ..................................... . . . . , .... ..,...... . ..,.. .,.,. ............,..... :.. ............. . . . . . . . , . . . . . . , . . . . . . . 

,:,:,:,:.): . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . 

129 

124 
- 

62 

60 

60 

66 

66 

64 

64 

68 

78 

68 

82 

116 

107 

114 
- 
- 

66 

70 

80 

110 

170 

. . . . . . . . . . . . . . . . . . , . . . . . . . . . . 

0.54 

1.92 
- 

2.14 

1.67 

4.06 

1.85 

1.83 

1.16 

0.78 

0.23 

0.07 

0.02 

0.04 

<o.o 
0.01 

<o.o 
- 
- 

0.55 

0.44 

0.21 

0.02 

0.01 
- 

0.07 

0.31 

1  1.29 

12.95 

15.09 

40,521 

145,941 

4,254 

249,181 

106,421 

194,047 

66,752 

89,048 

29,842 

17,921 

4,335 
- 

555 

612 

65 

152 

47 

12,630 

10,323 

9,635 

5,615 

1,140 

242 

48 

989,327 
- 
- 
- 
- 

0.49 

1.53 

0.07 

1 S O  

1.20 

3.20 

1.45 

1.94 

0.81 

0.48 

0.14 

0.02 

0.02 

<o.o 
0.01 

<o.o 
0.28 

0.28 

0.31 

0.21 

0.05 

0.01 

0.00 
- 

0.05 

0.19 

9.21 

10.41 

11.91 
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condensation  of  heavy  hydrocarbons in the sample  lines  and injection loops. All 

emissions from the on-site GC provided in Table 4-10 have been point averaged by 

using the flow  rate at the time  of  analysis to calculate the compoundk emission  rate 

and then summing  emissions  across the three-day  period. 

Results  for the quality control samples  collected at Site 4 are  included in Appendix C. 

The on-site GC calibration  check  samples  displayed  much  more  variability than those  at 

previous  sites.  This  variability  was  thought to be  due to the condensation in the lines 

and  sample loops. 

A  canister  sample  was  collected at this  site  and  analyzed  by the on-site GC. It was 

then sent to Radian’s VOC laboratories  and to Core  Laboratories  as  a blind audit 

sample. The results  from  this  audit  sample are also  included in Appendix  C  along  with 

the report  from an on-site QA  audit  conducted  by the Radian  project  QA  officer. 

The audit  sample  results  generally  compared  well  among the three laboratories for the 

permanent  gas  compounds,  methane  through  propane,  pentanes  and  hexanes. The 

on-site  GC  appeared to measure the C, compounds 50 to 80% lower  than the other  two 

laboratories, It is likely the C, compounds  are  over-range on the FID causing  a low 

bias. The on-site  GC  measured  BTEX  and C, and  larger  compounds at higher 

concentrations than either of the other two labs,  although  Radian’s  VOC  laboratory 

measured  higher  concentrations  than  Core.  This potential bias between the on-site  GC 

and canister  samples had not  been  noted at previous  sites  and is likely due to 

condensation in the canister  or  sampling  lines before analysis at the other two labs. 

Site 5 DescriDtion 

Site 5 was the same  location as Site 3. It consisted  of  a  condensate  collection  facility 

associated with natural gas production in southern  Louisiana. The site  produced 

approximately 11 MMscfd  of  natural  gas  and 500 bbl/day  of  condensate.  Other site 

characteristics at the time of sampling  are  provided in Table 4-1 1. 
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Table 4-1 1. Site 5: Characteristics  During  Sampling 

Number of Tanks 

5000 bbl Size  of  Tanks 

Two 

~~~~~~~ ~~~~ ~~~~ 

Produced  Water  Flash  Included  in  Vent 

Two Number  of  Wells 

Yes, Bypassed  for  Testing  Vapor  Recovery  Unit 

No,  Separate  Vent 

~ ~~~~ ~~~ ~ ~ 

Wells  Continuously  Producing 

IACT Unit I Yes 

Tanks  Level  Controlled I No,  Product  Trucked  from  Site II 
Oil Production I 451 bbl/day 

Due  to  the  low  ambient  temperatures  which  resulted  in  low  emissions  during  the  first 

sampling  episode  (Site 3), this  site  was  resampled  during  warmer  weather  (Site 5). The 

temperature  of  the oil as it entered  the  tank  was  measured  on  a  continuous  basis  as 

possible  input  to the model,  in  an  attempt to better  match  estimated  emissions  with 

actual  emissions. 

As  was  described  with  the  first  sampling  effort  at  this  site,  the  heated  condensate 

flowed  through  an  above-ground  pipe  more  than 300 feet  from  the  heater  treater to the 

primary  oil  tank.  At  the  time of this  sampling  effort,  the  weather  was  much  warmer  than 
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that  encountered  during the Site 3 sampling.  The  condensate  retained  more of its heat 

between the heater  treater and the tanks,  entering the tanks  at  an  average  temperature 

of 88°F as  opposed to the temperatures  of 60°F or less  measured  at the tank  during 

Site 3 sampling.  However, the temperature  of the condensate  going  into the tank 

fluctuated almost 30°F each  day  (from  about 75°F to 105°F). The condensate 

temperature tracked very  well  with  ambient  temperature  except during times of oil 

recirculation  from  the  tank to the heater  treater. 

Site 5 Emission  Measurements 

Minimal  leakage was observed  around the Thief  hatches and around the pressure-relief 

valves. It is estimated  that  less  than 1% of the total flow  was  lost  due to leakage.  Air 

was observed to flow into the tank  during  truck  loading  cycles.  However,  during 

periods  when no trucks  were being loaded  and  no  plant  upsets  (such  as oil 

recirculation)  were  noted; the vent  flow  remained  relatively  constant.  These  times of 

constant flow were used to estimate  steady-state  emissions. The average  vent flow 

rate for the three-day  sampling period during  times of steady-state  flow  was 338 scfh. 

A daily period of approximately three hours when the recirculation  pump  was  on  and 

flow increased  accordingly was  excluded  from the steady-state  flow  rates. 

Emission  measurements based on  average  concentrations  determined  from the on-site 
GC and the average  vent  flow  rate  are  presented in Table 4-12. Average  emission 
estimates  from the canister  sample  compound  concentrations  and the steady-state  flow 
rate  are  also  shown in Table 4-12. These  emissions  can be compared to those found 
in Table 4-7 for  the  Site 3 on-site GC and  canister  samples.  Due to instrument 
problems, the on-site GC was not  operational  over  a portion of the sampling  period. 

Since  temperature  appears to have  a  significant  impact  on  vent  gas  emissions, 
particularly at this site, plots of compound  concentrations  versus  vent  gas  flow  rate  and 
the vent  gas  temperature  were  made to determine this correlation. Figure 4-3 presents 
the plot of benzene  concentration  versus  vent  gas flow rates  for  one  day  at  Site 5. The 
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Table 4-12. Site 5: Emission  Measurements  from  On-Site  GC  and  Canisters  with 
Steady-State  Flow  Conditions 

Oxygen 
Nitrogen 

Carbon  Dioxide 

Methane 

Ethane 

Propane 

I-Butane 

n-Butane 

I-Pentane 

n-Pentane 

n-Hexane 

n-Heptane 

Toluene 

Ethylbenzene 

Xylenes 

Other C, 

Other C, 
Other C, 
Other C, 
cI3 
c9 
c,, 
Total 

Total  BTEX 

Total  HAP 

Total C, VOC 

Total C, VOC 

28,693 

1 18,848 

NA 

224,414 

248,757 

186,020 

32,543 

26,621 

19,874 

9,277 

3,379 

1.820 

2,006 

1,490 

81 

197 

96,590 

NA 

NA 

1,583 

NA 

NA 

NA 

0.82 

2.96 

NA 

3.20 

6.65 

7.29 

1.68 

1.37 

1.27 

0.60 

0.26 

0.13 

0.16 

0.14 

0.01 
0.02 
4.99 

NA 

NA 

0.14 

NA 

NA 

NA 
- 

0.33 

0.59 

18.06 

24.71 

27.91 

. .:.:.:.:.>:.:.i:.:.:.:~n:wE. . . . . . . . . . . . . . . . . . . . . . . . . , . . . , , . . . . 

......_ . : . : . : . : . : . : . : . : . ~ . : . ~ ~ ~  . . . ............. . . . . . . . 

........................ ....in. ..n .......... . . . . . . . . . . . . ........................ ................................................ . . . , . . . . . . . . . . . . . . . . . . . . . . . . , . , . . , , . . 

...................... , . . ... . . . . . . 

..... . ............,.. 

47,597 

176,760 

45,235 

168,127 

189,065 

145,352 

62,761 

49,095 

29,997 

14,207 

4,707 
- 

3,855 

2,847 

82 

536 

1,827 

16,600 

1 3,703 

9,347 

2,079 

457 

27 1 

1.35 

4.40 

1.77 

2.40 

5.05 

5.70 

3.24 

2.54 

1.92 

0.91 

0.36 
- 

0.27 

0.23 

0.01 

0.05 

0.09 

1.06 

1.05 

0.83 

0.21 

0.05 

0.03 
- 

0.55 

0.91 

18.57 

23.62 

26.01 

' Emissions  calculated from averaged  concentrations  and  average flow rate. 
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benzene  concentrations  did  not  correlate  well  with  vent  flows,  particularly  during the 

time  around 8:OO am  when oil recirculatian  resulted  in  higher  vent  flows.  However,  the 

vapor  residence  time  in  the  tanks  was  calculated  to  be  as  long  as 5.8 days  at  steady- 

state  vent  flow  rates,  an  average  liquid  height of eight  feet in the  primary  oil  tank,  and 

the  combined  volume  of  both  tanks.  Assuming  that  the  vapors  do  not  go  into the empty 

oil tank,  the  residence  time  in  the  primary  tank  would be approximately  two  days. 

Figure 4-4 shows  benzene  concentration  as  a  function of the  vent  gas  temperature.  As 

can  be  observed,  the  concentration  tends to show the  same  trend  as  the  temperature. 

Though  not  plotted,  similar  trends  in  benzene  concentration  are  expected  with  ambient 

temperature  and  the  temperature  of  the  oil  as  it  goes  into  the  tank.  Both of these 

temperatures  have  a  direct  effect  on  the  vent  gas  temperature. It is also  expected  that 

the  lighter  compounds  (more  volatile)  will  not  correlate  as  well  with  temperature. 

Sites 6 and 7 Descriptions 

Sites 6 and 7 were  condensate  production  sites  associated  with  natural  gas  wells. 

They  were  located  in  southwestern  Wyoming.  The  two  sites  were  physically  located 

approximately 1.5 miles  apart  and  were  both  sampled  due to the  differences in 

production  rate  and  their  proximity  to  one  another.  They  also  represent the highest  API 

gravities  and  Reid  Vapor  Pressures  of  any  of  the  sites  sampled.  The  site 

characteristics  for  each  site  are  presented in Table 4-1 3. 

These  sites  were  also  of  interest  because  of  the  operating  pressures  of the heater 

treaters.  Both  sites  had a three-stage  pressure  reduction  between the heater  treater 

and  the  tanks.  The first stage  dropped  the  pressure  from  heater  treater  operating 

pressure to around I00 psig.  The  second  stage  dropped  the  pressure to around 40 

psig  and  the  final  stage  from  approximately 40 psig  to  atmospheric  pressure.  Flash  gas 

from  each  pressure  reduction  stage  was  routed  to  the  tanks.  Therefore, the emissions 

represent  a  flash  from  operating  pressures, 570 psig  for  Site 6 and 495 psig  for  Site 7, 
to atmospheric  pressure. 
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Table 4-13. Sites 6 and 7: Characteristics  During  Sampling 

Number  of  Tanks I Three I Three ll 
Size of Tanks 1 300 bbl I 300 bbl II 
Produced  Water  Flash  Included  Tank  and No, Separate  Tanks  and 
in  Vent I Vent 

Vapor  Recovery  Unit 

One One  Number of Wells 

Yes,  Bypassed  for No,  Emissions  Flared 
Testing 

Wells  Continuously  Producing I Yes I Yes II 

Tanks  Level  Controlled No, Product  Trucked 

495 psig 570  psig Separator/Heater  Treater 

2800 Mscfd 900 Mscfd Gas  Production  Rates 

60  bbl/day 12  bbllday Oil  Production 

No,  Product  Trucked 

Pressure 

~~~ ~~ 

Separator/Heater  Treater 
Temperature I 860F 

Average  Vent  Gas  Flow  Rate I 207 scfh 
~~ ~~~ ~~~71476 scfh 

II 
Sales Oil API  Gravity I 55.5" 

, 58.46~~ 
II 

Sales  Oil  Reid  Vapor  Pressure I 11.1 psia I 15.2 psia 

Both  sites  had  emission  control  devices  which  were  bypassed  for  testing.  Site 6 

emissions  were  controlled  by  a  flare.  Site  7  had  a  flare  at  the  time of the  site  visit,  but 

between  the  site  visit  and  actual  sampling,  a  VRU  and  an  internal  combustion  engine 

were installed to compress  the  tank  vent  emissions to sales  gas  line  pressure  for 

recovery.  Both  sites  had  separate  tanks  for  the  produced  water.  The  emissions  from 

these  tanks  were  not  included  in  the  vent  gas  stream  from  the  oil  tanks. 
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Both Sites 6 and 7 were identical with three 300-barrel  tanks  and  a  4-inch  vent  line. At 

Site 6, a  4-inch plug was  removed  from the top of  one  of the tanks to measure  vent  gas 

flow rate and temperature.  The  4-inch line was  reduced to 2-inch and  an  orifice plate 

with  a  0.5-inch orifice installed to continuously  measure  pressure  differentials  and  flow. 

Canister  samples  for  vent  gas  composition  were  taken  from  fittings in the 2-inch line 

over  12-hour  periods,  including the overnight  hours.  On-site  GC  analyses  were  not 

conducted at either  site  due to the  remoteness of the locations,  absence of suitable 

power,  and the cost to ship  and  maintain the instrument. For Site 7, the 4-inch  vent  line 

was broken  near the flare and an  orifice  plate  with  a  1.5-inch  bore was installed to 

measure  pressure  differentials  and  flow  rates. At both  sites,  ambient,  vent  gas,  and oil 

inlet  temperatures  were  recorded  on  a  continuous  basis  with  calibrated  thermocouples. 

The pressurized oil at  both  sites  flowed  through  a  transfer  valve  immediately  after the 

heater  treater. The only  sample  port  was  downstream of this transfer  valve.  To  avoid 

collecting  samples  after the pressure  was  reduced  at  the  transfer  valve,  a  shutoff  valve 

downstream of the sample  port  was  closed  and the pressure  inside the line after the 

transfer  valve was allowed to come to the pressure of the separatodheater  treater. A 

separatorheater treater  gas  sample  was  collected  and  used to carefully collect the 

pressurized oil sample  according to the  sampling  protocol in Appendix 6. After 

collection of the separator  pressurized oil sample, the shutoff  valve  was  opened to 

allow the oil to flow to the tanks. 

Sites 6 and 7 Emission  Measuremen& 

Since the rate the oil entered the tanks  at both sites  was  controlled by transfer  valves 

that  were level operated,  some  short-term  fluctuations  were  observed in the vent  flow. 

However,  averaged  over  a  longer period of  time,  the  vent  flow  rates  were  relatively 

constant. Oil production was fairly constant  at  both  sites.  Therefore, the vent  gas  flow 

rates  were  averaged  over the monitoring  periods,  part of four  separate  days  at  Site 6 

and over  two  days  at  Site 7. 
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The  vent  gas  flow  rates  from  Site 6 averaged 207 scfh with  a  RSD  of 9.2% over the 

four-day  monitoring  period.  Time  periods  when  tank  vent  hatches  were  opened  or 

when  pressurized oil samples  were  being  collected  were  excluded  from  this  average. 

Canister  samples  collected  from  the  vents,  and  used  for  emission  calculations,  had 

.RSDs  from  around 2% for  the  light  hydrocarbons  to 38% for  the  xylenes.  Variations in 

the  heavier  hydrocarbons  may be a function  of  their  lower  concentrations  (variability in 

measurement)  and  also  because  they  are  more  affected  by  the  colder  temperatures 

observed  at  night.  The  emissions  calculations  for  Site 6 derived  from  the  average  vent 

flow  and  average  compound  concentrations  from  canisters  are  shown  in  Table 4-14. 

The  vent  gas  flow  rate  for  Site 7 averaged 1476 scfh with  a  RSD  of  approximately 11% 

over  the  two-day  monitoring  period.  Times  of  flow  interruption  were  excluded  from the 

averaged  measurements.  Analysis  of  canister  samples  collected  over  the  same  time 

periods  provided  relatively  consistent  compound  concentrations.  Most  compounds  had 

RSDs  of  around 9%. As  with  Site 6, some  of  the  heavier  compounds  which  were 

present  at  lower  levels  exhibited  larger  RSDs.  Emission  calculations  from  Site 7 based 

on  the  averaged  flow  rates  and  average  compound  concentrations  from  the  canister 

samples  are  also  presented  in  Table 4-14. 

Quality  control  samples  were  not  collected  at  Sites 6 and 7. Duplicate  samples  were 

not  collected  due to the  extended  sampling  periods  caused  by  bad  weather  conditions 

and the unavailabiltty  of  sufficient  sample  containers.  Site 7 was  sampled  as an 

opportunistic  site  (originally  unplanned).  Therefore,  few  additional  sample  containers 

were  included  for  sampling  Site 6. The  sample  containers  were  conserved to ensure  a 

sufficient  number  were  available  to  sample  both  sites. 

SUMMARY  OF  RESULTS  FROM  THE  FIELD  SAMPLING  EFFORT 

A  number  of  observations  can  be  made  from  the  results  of  the  field  sampling  effort 

which  impact  comparison to emissions  estimated  from  the  E&P  TANK  model.  Many  of 

the observations  revolve  around  the  difficulty  in  accurately  measuring  vent  gas 
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Table 4-14. Sites 6 and 7: Average  Emissions  Calculations  from  Canister Samples 

Oxygen 
Nitrogen 

Carbon  Dioxide 

Methane 

Ethane 

Propane 

I-Butane 

n-Butane 

I-Pentane 

n-Pentane 

n-Hexane 

Benzene 

Toluene 

Ethylbenzene 

m,p-Xylenes 

o-Xylene 

Other C, 

Other C, 

Other C, 

Other C, 

C8 

c!3 
Other  C,o+ 

Total  BTEX 

Total HAP 

Total VOC 

Total C2+ HC 

Total HC 

Total  Stream 

0 

5,217 

0 

352,661 

237,051 

230,644 

60,035 

89,691 

28,776 

17,309 

3,843 

1,289 

2,336 

58 

437 

81 

876 

8,760 

8,760 

5,400 

52 1 

85 

0 
- 
- 
- 

- 
- 

0.00 

0.08 

0.00 

3.08 

3.88 

5.54 

1.90 

2.84 

1.13 

0.68 

0.18 

0.05 

0.12 

<o.o 
0.03 

co.0 

0.03 

0.34 
0.41 

0.29 

0.03 

0.01 

0.00 

0.20 

0.38 

13.59 

17.47 

20.55 

23.63 

0.0 

62,105 

0.0 

251,419 

260,591 

249,771 

54,441 

74,545 

18,949 

11,051 

1,981 

627 

898 

23 

163 

32 

812 

5,570 

4,917 

1,926 

168 

12 

0 
- 
- 

- 

- 

0.00 

6.76 

0.00 

15.67 

30.44 

42.78 

12.29 

16.83 

5.31 

3.10 

0.66 

0.19 

0.32 

0.01 

0.07 

0.01 

0.18 

1.56 

1.65 

0.75 

0.08 

0.01 

0.00 

0.60 

1.27 

85.80 

116.24 

131.91 

138.67 
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emissions  even  though  the  sites  used  in  this  project  were  carefully  selected to 

maximize the probability  of  success.  The  use of bolted  tanks  or  tanks  with  other  places 

where  flash  gas  can  escape,  multiple  oil  lines  (and  associated  separators)  feeding  one 

set  of  tanks,  and  inaccessibility  of  the  vent  lines  makes  measuring  actual  emissions  at 

many  sites  very  difficult, if not  impossible. 

The  greatest  difficulty  encountered  during  emissions  measurement  was  obtaining  a 

leak-free  system  where  all  of  the  gas  could be channeled  through  an  orifice  plate  for 

flow  and  composition  measurements.  At  most of the sites,  Thief  hatches  and  Enardo" 

valves  were  leaking  vapors  continuously  at  the  time  of  the  site  visits.  Replacement  of 

the  gaskets  before  sampling  would  minimize  this  leakage,  but  some  vapor  leakage  was 

still  observed.  Bagging  the  valves  and  hatches  with  heavy  plastic  also  helped to 

minimize  the  leakage,  but  the  construction  of  the  hinge  supports  on  some  Thief  hatches 

would  not  allow  them  to be bagged  tightly. 

Sizing  the  flow  measurement  devices  (dry  gas  meter  at  Site 1 and  orifice  plates  with 

pressure  transducers  at  all  other  sites)  such  that  accurate  flow  measurements  were 

possible  was  also  a  challenge.  At  the  low  flow  sites,  such  as  Sites 3 and 4, flow 

measurements  were  being  made  at  the  lower  end  of the operational  range  of  the 

differential  pressure  transducers  which  may  have  affected  the  accuracy of the 

measurement.  Condensation  in  the  pressure  transducers  was  also  observed  at  some 

sites  which  affected  the  flow  measurements if not  closely  monitored  and  corrected. 

Finally,  the  operation  of  transfer  valves  on  the  separators  would  deliver the oil to the 

tanks  in  discrete  "plugs"  which  would  cause  sudden  increases  in  flash  emissions. 

While  these  spikes  in  flow  would  average  over  time,  the  orifice  plates  and  pressure 

transducers  had to be sized  to  accommodate the  highest  flows. 

Site 1 presented  challenges  to  vent  emissions  measurements  due to the  number of 

wells  at the site  and  their  operation  on  timers. If a  majority  of  the  wells  were  operating, 

the  resulting  flashing  losses  would  open  pressure  relief  valves  on  the  tanks  or  vent  lines 
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resulting  in  unmeasured  emissions.  At  the  times  when  none  or  only  one  well  was 

pumping,  emissions  were so low  they  were  difficult to measure.  Flow  variations  were 

obsewed  at  other  sites  also  and  were  generally  associated  with  process  changes or 
equipment  operation,  such  as  the  operation of oil  recirculation  pumps. 

Vent  flows  appeared to be affected  by  temperature,  primarily  heating  and  cooling  of the 

oil lines  and  tank  surfaces.  Measurement  of  emissions  on a cold  day  will  result  in  fewer 

vent  emissions. In addition, it is likely  that  vent  gas  compositional  changes  would be 

observed  between  cold  and  warm  ambient  temperatures  due  to  condensation  of 

heavier  compounds  at  the  lower  ambient  temperatures.  This  supposition is supported 

by  the  factor  of  two  increase  in  measured  HAPS  and BTEX at  Site 5 when  compared to 

Site 3 measurements  recorded  at  lower  ambient  temperatures.  Therefore, 

measurements  of  emissions  on  any  single  day  will  only  reflect  emissions  under  that  set 

of  conditions.  These  emissions  cannot  be  converted to an  annual  basis  with  any 

meaning  unless  the  conditions  on  the  measurement  day  are  representative  of the 

yearly  “averages.” 
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Section 5 

MODEL  RESULTS 

This  section  will  present  the  following  for  each  site: 

1. The  measured  input  parameters  for  E&P  TANK; 

2. Calculated  emissions  using  the  E&P  TANK  model  and  a  discussion  of 
how the  model  was  run;  and 

3. Comparison  of  model-calculated  emissions  with  measured  emissions. 
(This  comparison  is  in  tabular  form  only. ) 

At the end  of  the  section,  a  table is presented  showing  emission  measurements 

compared to model  predictions  for  all  of  the  sites.  A  brief  discussion  of  these  results is 

also  given. 

SITE 1 MODEL  RESULTS 

Site 1 Model  Input  Parameters 

Samples  of  the  pressurized oil exiting  the  separator/heater  treater  were  collected  and 

analyzed to provide the primary  compositional  input  for  the  E&P  TANK  model,  including 

the  molecular  weight of the C,o+ components.  The  separatorlheater  treater  operational 

temperature,  pressure,  and  atmospheric  pressure  were  recorded  as  model  inputs  for 

E&P  TANK.  Sales oil parameters,  including  throughput,  API  gravity,  Reid  Vapor 

Pressure,  and  temperature,  were  measured  for  use  with  the  E&P  TANK  model.  The 

temperature  of  the  oil  going  into  the  tank  was  not  measured  at  this  site. 

Measurements  of  each  of  the  model  input  parameters  were  made  across  parts  of  four 

days. No measurements  were  made  at  night  (approximately 8:OO pm until 7:OO am). 

The  measured  parameters  were  averaged  over  the  four-day  period to obtain the model 

input  parameters.  The  averages  are  presented  in  Table 5-1. Two  pressurized 
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Table 5-1. Site 1: Measured  Model  Input  Parameters 

separator oil samples  were  collected  each  day  and  analyzed  for  mole  percent 

composition.  These  values,  the  average  from  all  samples,  and  a  RSD  across  the 

monitoring  period  are  presented  in  Table 5-2. The  RSD  for  seven  samples  (includes 

one  duplicate)  are  very low indicating  little  variation  in  the  oil  composition, in the 

analytical  technique,  or  in  the  pressurized  sample  collection  method.  The  results  from 

the  analysis of the pressurized  separatorlheater  treater oil samples  indicate  that  these 

pressurized  samples can'be reproducibly  collected  and  analyzed.  The  results  from the 

analysis  of the separator  gas  and  sales  oil  compositions  can  be  found  in  Appendix  D. 
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parlson of Model  Results to Measured  Emlsslons  for S ite 1 . .  

The  emission  estimation  results  from  the  E&P  TANK  model  using the measured  inputs 

are  shown  in  Table 5-3 using  three  different  options.  The  Reid  Vapor  Pressure  option 

with  a  multi-stage  distillation  and  with 484 ft3/day  air  input  into  the  system  is  presented 

as  the  first  case.  Air  input  was  included  since  air  was  pulled  into  the  tank  during 

relatively  frequent  (-4dday)  product  pumping  cycles.  The  amount of air  used  as  input 

was  based  on  that  measured  in  the  field  measurements. 

The  second  case  includes  an  adiabatic  flash  with  no  air  input  and the multi-stage 

distillation  RVP  option to calculate  working  and  standing  emissions.  The  third  case 

includes  the  AP-42  method to calculate  working  and  standing  losses  after  an  adiabatic 

flash to estimate  flashing  emissions. 

The  AP-42  model  option  was  run  using  default  values  for  average  liquid  stock  height (8 

feet),  solar  absorbance,  and  solar  insolation.  A  breather  vent  pressure  of 0.12 psig was 

used to reflect  the  release  pressures  of  the  Enardo"  valve  and  tank  hatches. 

Measured  values  were  used  for  the  bulk  liquid  temperature  (taken  from  sales  oil 

temperature),  tank  dimensions,  and  maximum  and  minimum  temperatures.  Measured 

parameters  for  AP-42  are  included  in  Table 5-1. The  maximum  and  minimum  ambient 

temperatures  recorded  over  the  measurement  period  were  used  with  the  AP-42  option. 

As  can be observed,  the  measured  emissions  of  some  compounds,  primarily the light 

gases  (methane,  ethane,  and  propane)  are  greater  than  those  predicted  by  the  E&P 

TANK  model.  A  review  of  the  solubility  of  these  compounds  in  the  separator  oil, the 

pressurized  separator  oil  composition,  and  the  separator  gas  composition  at the 

recorded  temperatures  and  pressures  indicates  that  the  amounts  of  these  compounds 

measured in the  vent  gas  are  greater  than  the  amount  which  could  be  expected in the 

pressurized oil going to the tank.  Attempts  to  find  the  source  of  additional  methane, 

ethane,  and  propane  were  unsuccessful.  However,  it  is  postulated  that  some  of the 

separator  gas  was  escaping  through  the  separator  oil  transfer  valve  into  the  pressurized 
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Table 5-3. API  Tanks  Site 1: Comparison of Emission  Estimates  and  Field 
Measurement  Results 

Simulated with 484 @/day  of  air  pulled  into tank. 
Emissions  with  on-site GC measurements. 
Toluene emissions  from  canister  concentrations. 

oil  going to the tank.  The  valve  construction  would  allow  separator  gas to enter the oil 

line  at  a  small  leak or inadequate  seal  at  the  primary  diaphragm.  Alternately,  the 

concentration of light  gases  could be enriched  at  night  when  cooling is occurring. Also, 

measured  emissions  only  reflect  daytime  operation  and  not  nighttime  well  pumping 

cycles  or  cooling  effects. 
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SITE 2 MODEL  RESULTS 

Site 3 Model  Input  Parametem 

Due to the  problems  sealing  the  tanks  and  a ccurately  m ea suring  flow  rates  at  Site 2, 

only two samples  of the pressurized  separator  oil  and  one  sample  of  sales oil were 

collected  for  the  three-day  period.  These  samples  were  collected  during  the  same  time 

that  flow  measurements  were  being  made  to  provide  a  direct  comparison  with  the 

measured  emissions.  The  model  input  parameters  measured  for  Site 2 are  presented 

in  Table 5-4. 

Average  compositional  data  from  the  two  separatodheater  treater  oil  samples  are  given 

in  Table 5-5. Standard  deviations  for  the two measurements  are  very  low  indicating  a 

relatively  constant  oil  composition. It should be noted  that  very  little  methane  was 

observed  at  this  site. 

Comparison  of  Model  Results to Measured  Emlsstons  for  Site 2 
Emission  estimate  comparisons  to  measured  emissions  are  presented  in  Table 5-6. 

Table  5-6  represents  the  emissions  from  a  multi-stage  flash  with  a  RVP  of 8.7 and  the 

AP-42 method  of  calculating  working  and  standing  losses.  The  model  would  not  match 

the  measured  RVP  using  the  multi-stage  option  resulting in flash  emission  estimates 

only  for  this  option. 

. .  

As  was  noted  in  Section 4, the vent  line  pipes  were  either  obstructed  or  undersized  for 

the  amount of vent  gas  flow  at  this  site.  Therefore,  the  measured  emissions  reported  in 

Table 5-6 may be biased  low  by  as  much as 10%  due to the  amount  of  unmeasured 

emissions  which  escaped  around  the  Thief  hatches  during  pressure  relief  events. 

Measured  emissions  presented in Table 5-6 have  not  been  corrected for  the  amounts 

thought to have  been  lost.  However,  adding 10% to the  measured  emissions  makes 

the  comparison  between  measured  emissions  and  model  estimates  even  better. 
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Table 5 4 .  Site 2: Measured  Model  Input  Parameters 

Separator  Temperature 

1600 bbl/day Sales  Oil  Production 

12.45 psia Atmospheric  Pressure 

30.0 psig Separator  Pressure 

112°F 

11 API  Gravity I 43.23' 11 
11 Reid  Vapor  Pressure I 8.70 psia ll 
11 Sales Oil Temperature I 95°F I 
11 Annual  Hours of Operation I 8760 II 
11 Tank  Capacity I 4 @ 1000 bbls  each II 
11 Tank  Dimensions I 21 ft. dia x 16 ft. high 

11 Minimum  Temperature I 56.6"F II 
11 Maximum  Temperature II 
Separator  Gas  Specific  Gravity I 1.23" 

The AP42 option of the E&P TANK  model  was  run  with  actual  tank  sizes  and 

measured  temperatures.  Default  values  for  the  AP-42  option  were  very  similar to those 

measured  at  the  site. 

SITE 3 MODEL  RESULTS 

Site 3 Model  Input  Parameters 

Measurements of the  model  input  parameters,  the  separator  gas  composition,  and 

sales  oil  composition  were  made  over  a  three-day  period.  The  measured  model  input 

parameters  are  presented  in  Table 5-7. Due to the  long  distance  from the heater 

treater to the  tanks  and  subsequent  cooling  of  the  oil, oil inlet  temperatures  into the tank 

were  measured  with  a  hand-held  meter  on  the  third  day.  Separator  temperatures  have 
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Table 5-5. Site 2: Separator  Oil  Composition 

Nitrogen 

Carbon  Dioxide 

Hydrogen  Sulfide 

Methane 

Ethane 

Propane 

I-Butane 

n-Butane 

I-Pentane 

n-Pentane 

n-Hexane 

Other  Hexanes 

Benzene 

Heptanes 

Toluene 

Octanes 

Ethylbenzene 

Xylenes 

Nonanes 

Decanes  Plus 

Decanes+ (MW) 

Decanes+ (SG) 

0.02 

0.03 

0.01 

0.25 

2.38 

7.00 

2.07 

7.29 

3.38 

4.77 

3.63 

3.00 

0.45 

7.44 

0.43 

11.14 

0.25 

1.59 

17.28 

27.66 

484.5 

0.881 
MW = Molecular  Weight 
SG = Specific Gravity 
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Table 5-6. Site 2: Emissions  Comparison of Model  and  Field  Results 

Methane 
Ethane 
Propane 
I-Butane 
n-Butane 
I-Pentane 
n-Pentane 
n-Hexane 
n-Heptane 

Benzene 
Toluene 
Ethylbenzene 
Xylenes 

Other C, 
Other C, 
C8 
c9 
C?O+ 

Total BTEX 
Total HAP 
Total C,+VOC 
Total C,+VOC 
Total HC 

3.81 
62.71 
226.0 
65.72 
201.7 
66.57 
78.40 
23.00 
NA 

2.81 
I .07 
0.27 
1.49 

22.48 
25.20 
15.50 
10.27 
0.00 

5.64 
28.64 
740.5 
803.2 
807.0 

3.82 
63. I 9  
228.3 
66.47 
204.1 
67.40 
73.39 
23.31 

NA 

2.85 
1.08 
0.27 
1.51 

22.77 
25.55 
15.72 
10.42 
0.00 

5.71 
29.02 
749. I 
812.3 
816.1 

24.17 
52.21 
153.67 
33.74 
I 1  8.33 
32.60 
72.96 
19.31 
NA 

1.95 
1.33 
0.28 
0.97 

32.38 
31 .Ol 
11.92 
2.87 
0.35 

4.54 
23.94 
51  3.91 
566.12 
590.29 

a Model could  not  match  the  specified RVP. Only  flash  losses  reported. 
Emissions  calculated from canister  measurements. 

been  used  as  inputs  in  this  section  to  estimate  emissions.  The  oil  temperature 

measurements  at  the  tank  have  been  averaged  and  used  as  model  inputs in lieu of the 

separator  temperatures  to  predict  emissions in the  discussions  on  temperature  effects 

included  at  the  end  of  this  section. 

I 
, 
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Table 5-7. Site 3: Measured  Model  Input  Parameters 

11 Separator  Temperature I 112°F 

Separator  Pressure 21.8 psig 

Atmospheric  Pressure 13.25 psia 
Sales  Oil  Production 438 bbl/day 

API  Gravity 48.8" 

Reid  Vapor  Pressure 8.07 psia 

Sales  Oil  Temperature 61 .I "F 

Annual  Hours  of  Operation 8760 

Day 3 Separator Oil into  Tank 59°F 

Tank  Dimensions 38 ft. 8 in.  dia  x 24 ft. high 

Tank  Capacity 2 @ 5,000 bbls  each 

Day 1 Minimum  and  Maximum  Temperatures Min 60.8"F Max 73.9"F 

Day 3 Minimum  and  Maximum  Temperatures Min 328°F Max 38.6"F 

Separator  Gas  Specific  Gravity 0.976" 

Due to the wide  variation in ambient  temperatures, 66°F on  the  first  day  of  testing, 

365°F on  the  second  day,  and 356°F on  the  third  day,  the  average  values  for  RVP 

and the sales  oil  temperature  shown in Table 5-7 may  be  somewhat  misleading. 

Values  for the sales  oil  temperature  and  Reid  Vapor  Pressure  appear to be related to 

the ambient  temperature  causing  a  large  variance in these  values  during the three-day 

monitoring  period. 

Pressurized  separator  oil  samples  were  collected  twice  each  day  during  each of the 

three  measurement  days.  The  composition  of  the  oil  did  not  vary  more  than 

approximately 10% during  the  measurement  period.  Separator  gas  samples  were 
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collected  each  day.  Gas  collected  the  first  day  had  very  high  methane  levels  and  did 

not  match  with  those  from  the  other two days.  The  values  from this  sample  were  not 

used  in  any  calculations.  Sales  oil  samples  were  collected  on  Days  1  and 3 during 

trucking  of the oil.  Since the oil was  trucked  from the facility  on  an  irregular  basis,  no  oil 

was  removed  the  second  day  of  testing;  therefore,  sales  oil  samples  were  not  collected 

on this day.  When  sales  oil  was  removed  from  the  tank,  negative  vent  flow  was 

observed.  Individual  results  from  sample  measurements  can  be  found  in  Appendix D. 

Comparison  of Mob1 Results to Measured  Emissions  for  Site 9 
Due to the changing  process  conditions,  model  predictions  will  be  based  on  individual 

days. In addition,  periods  of  oil  recirculation  and  sales  oil  removal  caused  variations in 

vent  gas  flow. In order to make a  fair  comparison  to  the  model  predictions  (the  model 

calculates  a  steady-state  emission  and  does  not  take  into  account  these  short-term 

fluctuations),  only  periods  of  steady-state  flow  have  been  used  for  the  comparisons. 

Table  5-8  presents  the  estimated  emissions  from  E&P  TANK  model  compared to the 

measured  emissions  for  the  first  day. As before, two scenarios  are  presented  for  the 

E&P  TANK  model,  an  RVP  estimation  and  one  based  on  AP-42. All  model  predictions 

are  based  on  a  separator  temperature of 112°F  (measured  at  the  outlet  of  the 

heatedtreater)  and  the  separator  pressure  of  24.8  psig  measured  for  this  day. 

Measured  emissions  are  based on  times  of  steady-state  flow  and the  on-site GC 

concentrations.  Table 5-9 presents  the  model  predictions  versus  measured  emissions 

for  Day 3 using  the  measured  separator  pressure  of 21.8  psig  for  that  day.  The  AP-42 

option  for  the  model  was  run  using  measured  tank  sizes,  sales  oil  temperatures,  and 

ambient  temperature  maximums  and  minimums  for  each  day  reported. 

As  can  be  noted  from  Tables 5-8 and 5-9, the  measured  emissions  are  five to more 

than  ten  times  less  than  E&P  TANK  emission  estimates.  The  low  vent  flows  were 

noted  during  the  field  measurements  and  prompted  tracing  a  number  of  pipes  going 

into  and  out  of  the  tanks to ensure  all  emissions  were  measured  and  the  measurement 
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Table 5-8. Site 3: Comparison of Model  and  Field  Results  (Day 1) 

Methane 
Ethane 
Propane 
I-Butane 
n-Butane 
I-Pentane 
n-Pentane 
n-Hexane 
n-Heptane 

Benzene 
Toluene 
Ethylbenzene 
Xylenes 

Other C, 
Other C, 
c&l 
c9 
CI, 

Total  BTEX 
Total  HAP 
Total C,, VOC 
Total C,, VOC 
Total HC 

2.38 
5.61 
8.63 
4.71 
4.13 
3.57 
1.85 
0.85 
NA 

0.66 
0.55 
0.02 
0.16 

1.69 
1.76 
0.85 
0.23 
0.00 

1.39 
2.24 
29.66 
35.27 
37.65 

2.37 
6.15 
10.29 
5.83 
5.15 
4.52 
2.35 
1.08 
NA 

0.85 
0.70 
0.03 
0.20 

2.17 
2.26 
1.09 
0.30 
0.00 

1.78 
2.86 
36.82 
42.97 
45.34 

$ 

* Model could not  match  the  specified RVP. Only  flash losses reported. 
Emissions  with  on-site GC measurements. 

I .45 
2.43 
2.51 
1.09 
1 .oo 
0.72 
0.34 
0.14 
0.05 

0.09 
0.07 
0.00 
0.02 

0.40 
0.25 
0.13 
0.01 
0.01 

0.18 
0.32 
6.82 
9.25 
10.70 

of the oil temperature  at  the  tank  on  the  third day.  Cooling of the  oil  between  the 

separator  and  the  tank  and  cooling of the  tank  walls  and  sales  oil  were  suspected  as 

contributors to the low  measured  emissions.  These  temperature  effects  will  be 

discussed in greater  detail  at  the  end of this  section. 
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Table 5-9. Site 3: Emissions  Comparison of Model  and  Field  Results  (Day 3) 

Methane 
Ethane 
Propane 
I-Butane 
n-Butane 
I-Pentane 
n-Pentane 
n-Hexane 
n-Heptane 

Benzene 
Toluene 
Ethylbenzene 
Xylenes 

Other C, 
Other C, 
C8 
c, 
cia+ 
Total BTEX 
Total HAP 
Total C,, VOC 
Total C,+ VOC 
Total HC 

2.19 
8.24 
11.52 
5.96 
5.22 
4.53 
2.31 
1.06 
NA 

0.83 
0.69 
0.02 
0.20 

2.09 
2.10 
1.11 
0.28 
0.00 

1.74 
2.81 
37.92 
46.16 
48.35 

2.25 
9.07 
13.11 
6.87 
6.03 
5.25 
2.68 
1.24 
NA 

0.97 
0.81 
0.03 
0.23 

2.44 
2.45 
1.30 
0.32 
0.00 

2.03 
3.27 

43.71 
52.70 
55.03 

1.12 
2.00 
1.66 
0.58 
0.50 
0.34 
0.15 
0.06 
0.02 

0.04 
0.02 
0.00 
0.00 

0.18 
0.10 
0.04 
0.00 
0.00 

0.06 
0.12 
3.67 
5.67 
6.79 

* Using separator  temperature of 112°F. 
Emissions  with  on-site GC measurements. 

SITE 4 MODEL  RESULTS 

Site 4 Model  Input  Parameters 

Measurement  of  the  model  input  parameters,  plus  the  separator gas and  sales oil 

compositions  were  made  over  a  four-day  period.  The  average  measured  model  input 
1 
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parameters  are  presented in Table 5-1 0. As  noted in  Section 4, the  sales oil was 

thought to be layering in the  tank.  Therefore,  the  API  gravities  and  RVPs  varied  with 

the times  the  samples  were  collected.  A  single  sample  was  collected  as  the  oil  entered 

the  tank  for  the  API  gravity  measurement.  This  sample,  API  gravity  of 36.8, was  used 

in all model  inputs. It matched  well  with  the  API  gravities  measured  by the site 

personnel.  The  average  RVP  of 5.5 was  used  for  model  input. 

This  site  had  a  two-stage  flash,  from  approximately 90 psig  at  the  low-pressure 

separator  to  approximately 45 psig  at  the  heater  treater  and  then  from  the  heater  treater 

to atmosphere  at the tanks.  However,  since  the  gas  from  the first  flash was  not  going 

to the  produced  water  tank  as  expected  and  there  was  no  indication  that  the  gas  was 

coming  into  the  tank  with  the  oil,  this  flash  was  not  used in the model  predictions.  The 

flash  used  was  from  the  heater  treater  at 46.6 psig to atmospheric  pressure.  The 

heater  treater  operated  at  a  temperature  of 145°F. The oil cooled  between the heater 

treater  and the tank to an  average  temperature  of I 15°F over  the  measurement  period. 

Pressurized  heater  treater oil samples  were  collected  twice  each  day  fordhree  days. 

The  composition of the  this  oil  varied  very  little  from  day  to  day.  Heater  treater  gas 

samples  were  collected  daily  and  analyzed  for  composition.  Sales oil samples  were 

collected  once  each  day  from  the  bottom  of  the  production  tank.  API  gravities  of  these 

samples  varied  from 28.6 to 36.9. The  results  of  each  of  these  measurements  can be 

found in Appendix D. 

Comparison  of  Model  Results to Wsured  Emissions  for  Site 4 

Table 5-1 I presents the data  for  the  comparison  of  the  predicted  emissions to 

measured  emissions.  The  E&P  TANK  model  has  been  run  with  the  multi-stage  RVP 

and  AP-42  working  and  standing loss calculations.  All  emission  estimations  are  based 

on  the  heater  treater oil temperature  of 145°F and  a  RVP of 5.5. Measured  emissions 

are  based  on  concentrations  calculated  from  the  on-site GC data.  Canister  samples 

collected  at  this  site  had  more  air  and  lower  hydrocarbon  concentrations  than 
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Table 5-10. Site 4: Measured  Model  Input  Parameters 

Separator  Temperature 

0.648 " Separator  Gas  Specific  Gravity 

90.8"F Maximum  Temperature 

34.9"F Minimum  Temperature 

12 ft. dia x 20 ft. high Tank  Dimensions 

97.8"F Sales Oil Temperature 

4 @ 400 bbls  each Tank  Capacity 

8760 Annual  Hours of Operation 

115°F Oil  Temperature  into  Tank 

5.5 psia Reid  Vapor  Pressure 

36.8" API Gravity 

259 bbl/day  Sales  Oil  Production 

14.8 psia Atmospheric  Pressure 

46.6 psig Separator  Pressure 

145°F 

the  on-site GC data.  The  average  vent  flow  rate  was  used  to  calculate  measured 

emissions.  Due  to  the  problems  observed  with  hydrocarbon  buildup in the differential 

pressure  transducers  which  required  them  to be cleaned  on  a  regular  basis,  the  flow 

rates,  and  thus the measured  emissions,  are  likely  biased low. The  magnitude  of  the 

bias  cannot be established. 

The  E&P  TANK  model  would  not  converge  to  a  solution  with  the  measured  separator 

temperature of 145°F for  the  multi-stage  or  single-stage  working  and  standing  losses 

options.  The AP-42 method,  however,  did  calculate  these  emissions.  Separator 

temperatures  were  dropped  to  the  point  where  the  multi-stage  calculation  would 
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Table 5-1 1. Site 4: Emissions  Comparison of Model  and  Field  Results 

Methane 
Ethane 
Propane 
I-Butane 
n-Butane 
I-Pentane 
n-Pentane 
n-Hexane 
n-Heptane 

Benzene 
Toluene 
Ethylbenzene 
Xylenes 

Other C, 
Other C, 
c, 
c9 

c, o+ 

Total BTEX 
Total HAP 
Total C,, VOC 
Total C,, VOC 
Total HC 

2.71 
3.57 
12.54 
7.91 
9.73 
5.93 
3.72 
1.20 
NA 

0.1  3 
0.21 
0.05 
0.09 

1.82 
3.73 
1.61 
0.39 
0.00 

0.48 
1.68 

49.05 
52.62 
55.33 

2.69 
3.62 
12.98 
8.64 
10.39 
6.48 
4.09 
1.35 
NA 

0.14 
0.25 
0.05 
0.10 

2.04 
4.25 
1.86 
0.46 
0.00 

0.54 
1.89 

53.08 
56.70 
59.39 

2.14 
1.67 
4.06 
1.85 
1.83 
1.16 
0.78 
0.23 
0.07 

0.02 
0.04 

c0.01 
0.01 

0.55 
0.44 
0.21 
0.02 
c0.01 

0.07 
0.31 
1 1.29 
12.95 
15.09 

a Multi-stage  and  single-stage RVP option  would not work at  a  separator  temperature of 145°F. The 
highest  temperature  which  allowed  the  model  to  operate  was 141 OF. 
Emissions  with  on-site GC measurements. 

converge to estimate  emissions.  A  separator  temperature of 141 OF did  allow the model 

to converge  and  was  used to calculate  the  working  and  standing  losses  using the multi- 

stage  method.  These  emissions  are  reported in Table 5-1 1. The  AP-42  option  for the 

model  was  based  on  actual  tank  dimensions  and  measured  ambient  temperatures. 
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SITE 5 MODEL  RESULTS 

Site 5 Model lnwt  Parameters 
Site 5 was the  same  as  Site 3. This  site  was  resampled  during  warmer  weather to 

determine if the  model  predictions  were  closer  to  the  measured  predictions  and to 

observe the temperature  of  the  oil  going  into  the  tank  more  closely.  The  model  input 

parameters  are  presented in Table 5-12. 

The  separator  temperature  was  very  similar  to  that  measured  during  Site 3 sampling. 

However, the operating  pressure  had  increased  from 21.8 to 28.6  psig  between 

sampling  episodes.  The  ambient  temperatures  were  much  warmer  during  the  second 

sampling  episode,  resulting  in  the  oil  going  into  the  tank  being  warmer  at  an  average 

temperature  of  88°F.  Sales  oil  production  was  similar  to  the  first  sampling  effort. 

Separator  oil  samples  were  collected  twice  each  day  over  a  three-day  period.  The 

composition  had  very  little  variation  over  this  time  period.  Separator  gas  samples  were 

collected  daily  over  the  three-day  period.  The  composition  of  the  separator  gas  did  vary 

as  much  as 46% for  some  of  the  heavier  compounds.  Sales  oil  samples  were  collected 

daily  during oil removal  by  truck,  API  gravities  and  Reid  Vapor  Pressures  were  very 

consistent  over  the  three-day  sampling  period.  Results of each  of  these  measurements 

can  be  found in Appendix D. 

Comparison  of  Model  Results to Measured  Emissions  for  Site 5 

Predicted  emissions  from  the  E&P  TANK  model  are  compared to measured  emissions 

in  Table 5-13. The  E&P  TANK  model  emissions  include  the  multi-stage  RVP 

calculations  and the AP-42  calculation  methods.  The  multi-stage  option  would  not 

converge  on  the  measured  RVP  and  only  reported  flashing  losses.  AP-42  was  used 

with the actual  tank  dimensions  and  measured  minimum  and  maximum  temperatures 

during the monitoring  period. 
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Table 5-12. Site 5: Measured  Model  Input  Parameters 

~ Separator  Temperature 112°F 

Separator  Pressure 28.6 psig 

Atmospheric  Pressure 14.8 psia 

Sales  Oil  Production 451 bbl/day 

API Gravity 48.77' 

Reid  Vapor  Pressure 7.40 psia 

Sales Oil Temperature 79.8'F 

Annual  Hours  of  Operation 8760 

Separator  Oil  Temperature  at  Tank 88.1  'F 

Tank  Capacity 2 @ 5,000 bbls  each 

Tank  Dimensions 38 ft. 8 in.  dia x 24 ft. high 

Minimum  Temperature 44.7'F 

Maximum  Temperature 79.5"F 

11 Separator  Gas  Specific  Gravity 0.916' 

Measured  emissions  have  been  based  on  average  hydrocarbon  concentrations  from 

the canister  samples  and  averaged  flow  rates  during  times  of  steady-state  flow. 

Aberrations  caused  by  recycling  the oil from  the  storage  tank,  oil  removal  by  truck,  or 

process  fluctuations  have  been  removed.  Hydrocarbon  concentrations  from the on-site 

GC  are  not  available  for  a.  portion of the  monitoring  period  due to instrument  failure. 

The  detector  heater  failed  causing  large  fluctuations  in  the GC  data.  Comparison  of the 

GC  data to the  canister  data  during  times  when  both  are  operational  shows  fairly  good 

agreement  with the GC  results  being  slightly  higher. 

5-1 8 

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



STD*API/PETRO PUBL qbb2-ENGL 1777 0732270  O b O B b B b  917 

Table 5-13. Site 5: Emissions  Comparison  of  Model  and  Field  Results 

Methane 
Ethane 
Propane 
I-Butane 
n-Butane 
I-Pentane 
n-Pentane 
n-Hexane 
n-Heptane 

Benzene 
Toluene 
Ethylbenzene 
Xylenes 

Other C, 
Other C, 
Other C, 
Other C, 
c* 
c9 

c,o+ 
Total BTEX 
Total  HAP 
Total C,, VOC 
Total C,, VOC 
Total HC 

3.21 
11.02 
19.03 
11.67 
8.67 
8.14 
3.59 
1.47 
NA 

0.89 
0.67 
0.04 
0.44 

NA 
NA 

2.89 
2.24 
1.35 
0.79 
0.00 

2.04 
3.51 
61.88 
72.90 
76.1 1 

2.97 
10.40 
19.23 
12.17 
9.10 
8.66 
3.82 
1.57 
NA 

0.95 
0.72 
0.05 
0.50 

NA 
NA 
3.10 
2.4 1 
1.45 
0.84 
0.00 

2.22 
3.79 
64.57 
74.97 
77.94 

Model could  not match  the  specified RVP. Only  flash  losses  reported. 
Emissions  from  canister  measurements. b 

2.40 
5.06 
5.70 
3.25 
2.54 
1.93 
0.91 
0.36 
0.16 

0.27 
0.23 
0.01 
0.05 

0.09 
1.07 
1.05 
0.83 
0.21 
0.05 
0.03 

0.56 
0.92 
18.57 
23.62 
26.02 

Agreement  between  the  measured  emissions  and  predicted  emissions  are  better for 

this  sampling  episode  than for the  Site 3 comparison.  HAPS  and C,, VOCs  were 

overpredicted  by E&P TANK  by  approximately a factor  of  four. 
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SITES 6 AND 7 MODEL  RESULTS 

Sites 6 and 7 Model  Input  Parameters 

The  model  input  parameters  for  Sites 6 and 7 are  presented in Table 5-14. These  sites 

were  within  approximately  one  mile  of  each  other  and  were  associated  with  condensate 

from  natural  gas  production.  They  were  of  particular  interest  because  of the magnitude 

of  emissions  associated  with  relatively  small  production  and  high-pressure  flash to 

atmospheric  pressure.  Both  sites  had  multiple  flashes  between  the  high-pressure 

separator  and  the  tanks,  but  all  flash  gas was  directed  to  the  tanks.  Both  sites  also  had 

emission  control  systems  which  were  bypassed  for  testing. 

The  separator  temperatures  were  relatively  cool  when  compared  to  other  sites. 

However,  the  pressures  were  much  higher  than  those  found  at  previous  sites.  Ambient 

temperatures  were cool during the sampling  episode,  which  may  have  helped to 

moderate the emissions.  Below  freezing  temperatures  with  ice  and  snow  were 

encountered  during  two  of  the  scheduled  sampling  days.  However,  samples  were  not 

collected  on  those  days. 

Separator oil samples  were  collected  once  each  day  on 9/18/96 and 9/21/96 and  then 

twice  each  day  on 9/19/96 and 9/20/96 at  Site 6. Two  samples  were  collected  at  Site 7 
on 9/22/96 and  one  was  collected  on 9/23/96. The  separator oil composition  from  each 

site  showed  very  little  variation  across  the  samples  collected.  Separator  gas  samples 

were  not  collected  at  these  sites  in  order  to  have  enough  cylinders to collect 

pressurized oil samples  at  both  sites.  Sales  oil  samples  were  collected  at the same 

time  intervals  as  the  separator  oil  samples.  API  gravities  and  Reid  Vapor  Pressures 

were  relatively  consistent  over  the  sampling  period.  Results of each of these 

measurements  can  be  found in Appendix D. 
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Comparison of Model  Results to Measured  Emissions  for  Sites  6  and 7 
Predicted  emissions  are  compared to measured  emissions  in  Tables  5-15  and  5-16,  for 

Sites 6 and 7, respectively.  The E8P TANK  model  emissions  include  the  multi-stage 

RVP calculations  and the AP42 calculation  methods  using  the  recorded  separator 

temperatures,  tank  sizes,  and  ambient  conditions. 

Measured  emissions  have  been  based  on  average  hydrocarbon  concentrations  from 

time-integrated  canister  samples  and  averaged  flow  rates  across  the  entire  sampling 

times.  Short-term (2 to 5 minute)  fluctuations in the  vent flow were  observed  due to the 

operation  of the separator  oil  transfer  valves.  However,  averaged  over  a  longer  period 
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Table 5-15. Site 6: Emissions  Comparison of Model  and  Field  Results 

Methane 
Ethane 
Propane 
I-Butane 
n-Butane 
I-Pentane 
n-Pentane 
n-Hexane 
n-Heptane 

Benzene 
Toluene 
Ethylbenzene 
Xylenes 

Other C, 
Other C, 
Other C, 
Other C, 
C8 

c 9  
n 
-10, 

Total  BTEX 
Total  HAP 
Total C,, VOC 
rota1 C,, VOC 
Total  HC 

~~ 

3.18 
4.62 
7.66 
2.35 
3.15 
1.32 
0.72 
0.18 
NA 

0.04 
0.03 
0.00 
0.02 

NA 
NA 
0.34 
0.30 
0.10 
0.02 
0.01 

0.09 
0.27 
16.24 
20.86 
24.04 

3.14 
4.27 
6.61 
2.1  1 
2.85 
1.20 
0.66 
0.16 
NA 

0.03 
0.03 
0.00 
0.02 

NA 
NA 

0.31 
0.27 
0.09 
0.02 
0.01 

0.08 
0.24 
14.37 
18.64 
21.78 

a Model  could  not  match  the  specified RVP. Only  flash  losses  reported. 
AP-42 option  failed  for  this case. Only  flash  losses  reported. 
Emissions  with  canister  measurements. 

3.08 
3.89 
5.55 
1.90 
2.84 
1.13 
0.68 
0.18 
NA 

0.05 
0.12 
0.00 
0.03 

0.03 
0.34 
0.41 
0.29 
0.03 
0.01 
0.00 

0.20 
0.38 
13.69 
17.49 
20.57 

of time,  the  flow  rates  remained  relatively  constant  over  the  sampling  periods  at  these 

sites.  On-site  GC  data  are  not  available  for  these  sites  due  to  the  lack of electrical 

power  and  cost of getting  the GC to  the  site. 

5-22 

Copyright American Petroleum Institute 
Provided by IHS under license with API

Not for ResaleNo reproduction or networking permitted without license from IHS

-
-
`
,
,
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-



STD-API/PETRO PUBL '4bb2-ENGL 1797 b 0732270 ObOBb70 348 

Table 5-16. site 7: Emissions  Comparison of Model  and  Field  Results 

Methane 
Ethane 
Propane 
I-Butane 
n-Butane 
I-Pentane 
n-Pentane 
n-Hexane 
n-Heptane 

Benzene 
Toluene 
Ethylbenzene 
Xylenes 

Other C, 
Other C5 
Other C, 
Other C, 
C8 
c9 
cia+ 
Total BTEX 
Total HAP 
Total C,+ VOC 
Total C,, VOC 
Total HC 

17.97 
26.49 
37.26 
11.38 
14.48 
5.54 
2.98 
0.55 
NA 

0.12 
0.10 
0.01 
0.06 

NA 
NA 
1.17 
0.91 
0.27 
0.05 
0.02 

0.29 
0.84 

74.90 
101.4 
11 9.40 

17.68 
24.07 
32.99 
10.39 
13.26 
5.08 
2.73 
0.50 
NA 

0.1 1 
0.09 
0.01 
0.05 

NA 
NA 
1.07 
0.83 
0.25 
0.04 
0.02 

0.26 
0.76 

67.42 
91.49 
109.17 

Model could  not  match  the  specified RVP. Only flash  losses  reported. 
AP-42 option  failed for this case. Only  flash  losses  reported. 
Emissions  with  canister  measurements. 

0.19 
0.32 
0.01 
0.08 

0.18 
1.56 
1.65 
0.75 
0.08 
0.01 
0.00 

0.60 
1.27 

85.80 
1  16.24 
131.91 

Site 7 had very high Reid  Vapor  Pressures,  averaging 15.18 psia  over the three sales 

oil samples  collected. In addition,  this  site  had  a  heat  exchanger  between  the  separator 

and  tank  inlet  which  cooled  the oil before  it  entered  the  tank. All E&P  TANK  model  runs 

were  made  with  the  average  separator  temperatures  for  both  sites.  Neither  option, 
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multi-stage  nor AP42, would  calculate  working  and  standing  emissions  at  Sites 6 and 

7. Only  flashing  losses  were  reported  at  both  sites. 

EFFECTS  OF  TEMPERATURE ON EMISSION  ESTIMATES 

It was  noted  at  Site  3  that  the  temperature  of  the  oil  going  into  the  tank  was  significantly 

different  from  the  separator  temperature.  This  temperature  differential  was  due to 

cooling  of  the  oil  as it flowed  through  exposed  pipes  from  the  heater  treater to the 

tanks.  The  cooler  oil  resulted in fewer  emissions. It is  also  postulated  that  some of the 

emissions  were  moderated  due  to  condensation  on  the  walls  of  the  tank  at  the  cool 

ambient  temperatures.  Condensation  was  noted  in  vent  pipes  at  Sites 1 , 2, and 4. 

Condensation  was  also  collected  in  a  liquid  knockout  in-line  immediately  before  the 

point  where  flow  measurements  were  made  at  Sites  3  and 5. 

Using  the  separator  temperature  to  estimate  emissions  compared  to  those  actually 

measured  on  a  cool  day  results  in  overprediction  of  the  emissions  as  can  be  observed 

in  Table 5-9 for  Site  3  on Day  3,  which  had  an  average  ambient  temperature  of 36°F. 

The  average oil temperature  as it entered  the  tank  was  57.6"F;  a  significant  cooling 

from the separator  temperature  of 112°F. The  average oil  temperature  as it flowed  into 

the  tank  was  used  in  the  E&P  TANK  model  to  predict  emissions to see if they  matched 

better  with  observed  emissions.  The  results of these  model  runs  are  included in Table 

5-17. As  can be observed,  the  BTEX  and  HAP  emission  estimates  are  approximately  a 

factor of eight  times  less  than  those  predicted  at  the  separator  temperature,  though  a 

factor  of  three  or  more  greater  than  the  measured  emissions.  Similarly,  the  predicted 

C,, VOC  emissions  are  reduced  by  a  factor  of  four  using  the oil temperature  as it enters 

the  tank. 

Similar  results  can  be  observed  for  Site 4 where  the  heater  treater  temperature  was 

145"F, but  the  oil  as it entered  the  tank  averaged 115°F. The  results  of  running the 

E&P  TANK  model  at  a 115°F separator  temperature  are  shown  in  Table 5-18. As 
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Methane 
Ethane 
Propane 
I-Butane 
n-Butane 
I-Pentane 
n-Pentane 
n-Hexane 
n-Heptane 

Benzene 
Toluene 
Ethylbenzene 
Xylenes 

Other C, 
Other C, 
c* 
c9 

G o +  

Total BTEX 
Total HAP 
Total C,+ VOC 
Total C,, VOC 
Total HC 

2.04 
4.20 
3.51 
1.33 
1.06 
0.74 
0.35 
0.13 
NA 

0.10 
0.07 
0.00 
0.02 

0.26 
0.22 
0.10 
0.02 
0.00 

0.1  9 
0.32 
7.92 
12.12 
14.16 

..1.88 
4.88 
4.31 
1.66 
1.33 
0.94 
0.45 
0.16 
NA 

0.13 
0.90 
0.00 
0.02 

0.33 
0.28 
0.12 
0.03 
0.00 

0.24 
0.40 
9.84 
14.72 
16.60 

1.12 
2.00 
1.66 
0.58 
0.50 
0.34 
0.15 
0.06 
0.02 

0.04 
0.02 
0.00 
0.00 

0.18 
0.10 
0.04 
0.00 
0.00 

0.06 
0.12 
3.67 
5.67 
6.79 

* Using separator  temperature of 57.6"F. 
Emissions  with  on-site GC measurements. 

with  the  Site 3 results,  the  emissions  are  reduced  and  are  closer to the  measured 

emissions  at  these  temperatures. 

The  use of separator  temperatures to model  emissions  is  a  very  conservative  approach 

which  should  overpredict  emissions  unless  significant  heating  takes  place  between  the 

separator  and  the  storage  tank.  The  effects of temperature  on  emissions also point  out 
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Table 5-1 8. Site 4: Emissions  Comparison of Model  and  Field  Results  at 11 5°F. 

Methane 
Ethane 
Propane 
I-Butane 
n-Butane 
I-Pentane 
n-Pentane 
n-Hexane 
n-Heptane 

Benzene 
Toluene 
Ethylbenzene 
Xylenes 

Other C, 
Other C, 
c* 
c 9  

c,, 
Total BTEX 
Total HAP 
Total C3, VOC 
Total C,, VOC 
Total HC 

2.77 
3.96 
11.84 
6.29 
7.29 
3.85 
2.32 
0.64 
NA 

0.07 
0.1  1 
0.02 
0.04 

1 .oo 
1.87 
0.75 
0.17 
0.00 

0.23 
0.87 
36.26 
40.22 
42.99 

2.65 
3.28 
10.10 
5.51 
6.42 
3.4 1 
2.05 
0.57 
NA 

0.06 
0.09 
0.02 
0.03 

0.89 
1.66 
0.67 
0.15 
0.00 

0.21 
0.78 
31.62 
34.91 
37.56 

2.14 
1.67 
4.06 
1.85 
1.83 
1.16 
0.78 
0.23 
0.07 

0.02 
0.04 
<0.01 
0.01 

0.55 
0.44 
0.21 
0.02 
c0.01 

0.07 
0.31 
11.29 
12.95 
15.09 

Based on an oil temperature of 115°F. 
Emissions with on-site GC measurements. 

the problems  with  measuring  emissions  on  a  particular  day(s)  and  making  annual 

emission  estimates  based on those  data. 

It  may be possible to correct  the  modeled  emissions  for  ambient  temperature  effects  on 

predicted  emissions.  Table 5-1 9 presents  measured  temperatures  for  the oil going  into 

the tank,  tank  vent  gas,  separator  temperatures,  and  average  ambient  temperatures 

measured  during  monitoring. It also  presents  the  ratio  between  the  E&P TANK 
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Table 5-1 9. Measured  Temperatures  and  Ratio of Measured-to-Modeled  Predictions 

2 I l l z a  I 93 I 112 I 66 

Site 1 excluded. 
Not  Measured.  Separator  temperature  or  estimated oil temperature  used. 

multi-stage  model  predictions  (using  the  separator  temperatures)  and  measured 

emissions  for  the C,, VOCs. The  temperatures  reported  in  Table 5-19 were  used in 

various  combinations  in  an  attempt  to  define  a  relationship  between  the  temperature 

and  the  ratio  of  measured-to-modeled  emissions.  A  plot  of  the  separator  temperatures 

minus the ambient  temperature  versus  the  ratio of measured-to-modeled  predictions  for 

the C,, VOC emissions  shows  a  somewhat  linear  relationship (? = 0.8) as  shown in 

Figure 5-1. 

Correction of the  predicted  emissions  at  Sites 3,4, and 5 for the  difference  in  separator 

and  ambient  temperatures  taken  from  this  graph  results  in E&P TANK  multi-stage 

option  model  predictions  within  a  factor of two of the  measured  predictions.  These  data 

indicate  that  corrections  for  ambient  temperatures  can  be  determined  even  with the 

limited  number  of  data  points  available.  Additional  data  points  should  further  refine  this 

temperature  correction. 
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Plots'of temperature  corrections  for  the  multi-stage  method of calculating  working  and 

standing  losses  for HAPs and total hydrocarbons  are  shown in  Figures 5-2 and 5-3, 

respectively.  The  linear fit for  the HAP plot  has  the  same  slope  (i.e.,  corrects to the 

same  modeled-to-measured  ratios)  as  the C, VOC plot  shown  in  Figure 5-1 , but the 

correlation  coefficient (?) is not  as  good.  Temperature  corrections  for the  total 

hydrocarbons  result in a  slightly  different  slope  and  a  better  correlation  coefficient  than 

was  observed  for the HAPs. 

The AP-42 option  of E&P TANK  was  also  corrected  for  the  separator  minus  the  ambient 

temperature.  Plots  of  the C,, VOCs, HAPs, and  total  hydrocarbons  are  presented in 

Figures 5-4, 5-5, and 5-6, respectively.  This  option  did  not  correct as well  as the multi- 

stage  option.  However,  all  modeled-to-measured  ratios  corrected  to  within 

approximately  a  factor  of  three  as  shown  in  Table 5-20. 

Table 5-20 presents  the  corrected  ratios  of  model  calculated  emissions to measured 

emissions  for the sites  with  an  average  temperature  differential  (of  greater  than 40°F 

but  less  than  80°F)  between  the  separator  and  ambient  temperatures.  Sites 2, 3, 4, 

and 5 have  been  corrected  for  the  temper.ature  differentials  between  the  separator  and 

ambient  temperature  using  the  graphs  in  Figures 5-1 through 5-6. The  ratios  of  model 

calculated  emissions  to  measured  emissions  were  derived  by  first  multiplying the slope 

of  the  line  (in  units  of  ratio/"F) by  the  difference  in  the  separator  and  ambient 

temperatures (AT, OF). The  product of the  slope  and AT was  then  divided  into  the 

measured  emission  rate  (tons/yr)  of  each  site to obtain  a  corrected  model  emission  rate 

(tondyr). Finally, the corrected  model  emission  rate  was  divided  by  the  measured 

emissions  for  each  site  to  obtain  the  ratios of  corrected  model to measured  emissions 

shown in Table 5-20. Site I was  excluded  from all calculations  for  the  reasons 

previously  discussed  on  pages 5-4 and 5-5. Sites 6 and 7 had  average  ambient 

temperatures  within 40°F of  the  separator  temperature,  and  model  results  agreed  well 

with  the  measured  emissions. As can  be  noted  in  the  table,  the HAPs corrections 
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Table 5-20. Temperature  Corrected  Model  Calculated to Measured  Emission  Ratios 

2 

0.59 76 112 3 (Day 3) 

1 . O l  45 112 3 (Day 1) 

0.99 46 112 

4 

0.91 50 112 5 

0.56 a2 145 

0.99 

0.56 0.56 0.95 0.91 

0.34 0.34 0.58 0.56 

0.37 0.37 0.63 0.59 

0.62 0.62 1.06 1.01 

0.60 0.60 1.04 0.57 

0.59 

0.33 

0.32 

0.53 

agreed  exactly  with  those  calculated  for  the  VOCs.  The  linear  fit  from  the HAPs plots 

were  not  as  good  as  those  for  the C,, VOCs. 

Table 5-20 indicates  that  the E&P TANK model  predictions  can  be  corrected  for 

temperature  using  measured  temperature  differences  between  the  average  separator 

and  average  ambient  temperatures  for  the  monitoring  period.  These  temperature 

corrections  adjust the model  predictions  to  within  a  factor of two of the predictions  for 

the  multi-stage  option  and  very  close  to  a  factor  of  three  for  the AP-42 option. 

SUMMARY OF RESULTS 

Table 5-21 presents  a  summary  of  model-calculated  emission  estimates  compared to 

the  measured  emissions  at  every  site.  Comparisons  for  total HAPs and C,, VOCs  are 

presented.  Measured  and  estimated  emissions  for  individual  compounds  can  be  found 

in the tables  previously  presented in this  section. 
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Several  observations  can  be  made  from  the  data  presented in Table  5-21: 

Table  5-21.  Summary of Model  Comparison  to  Measured  Emissions for  Each  Site 

Site 2 1 RVP = 8.70 I 23.9 1 I APIG = 43.2  51 5 Multi-Stage Option 28.6  741 
AP-42 Option I 29.0 I 749 

BOPD = 1600 

Site 3,  Day 1 APlG = 48.8 

BOPD= 440 
I RVP = 8.07 I 0‘32 1 1 6.82 Multi-Stage Option 1.39  29.7 

AP-42 Option I 1.78 I 36.8 

Site 3,  Day 3 APlG = 48.8 

BOPD = 440 
I RVP = 8.07 I I I 3.67 Multi-Stage Option 2.81  37.9 

AP42 Option 1 3.27 I 43.7 

Site 4 

BOPD = 259 
53.1  1.89 AP-42 Option RVP = 5.50 
49.1  1.68 Multi-Stage  Option 11.3 0.31 APlG = 36.8 

Site 5 

BOPD = 451 
64.6  3.79 AP-42 Option RVP = 7.40 
61.9  3.51 Multi-Stage  Option 18.6  0.92 APIG = 48.8 

Site 6 APlG = 55.5 0.38 13.7 Multi-Stage Option 

BOPD = 12 
14.4  0.24  AP-42 Option RVP = 11.1 
16.2  0.27 

Site 7 APlG = 58.4 1.27 85.8 Multi-Stage  Option 0.84 74.9 
RVP = 15.2 AP-42 Option 
BOPD = 60 

67.4 0.76 

~~ 

APlG = API  gravity. 
RVP = Reid  Vapor  Pressure. 
BOPD = Barrels  of  oil  per  day. 
E&P  TANK  multi-stage  option = Model  run  with  adiabatic  flash  and  multi-stage  distillation  for  working  and 
standing  losses. 
E&P  TANK  AP-42 = Model  run  with  adiabatic  flash  and  AP-42  option  for  working  and  standing  losses. 

0 The  E&P  TANK  model  overpredicted  HAPs  and  VOC  emissions  at  sites 
where  emission  rates  were  low,  but  none  of  these  sites  exceeded 10 tpy 
HAPs  or  100  tpy  of  VOCs. 

0 Agreement  between  measured  emissions  and  E&P  TANK  model  emission 
estimates  were  excellent  for  Sites 2,6, and 7 where oil production  was 
constant  and  there  was  a  small  differential  between the separator 
temperature  and  oil  temperature  as it entered  the  tank. 
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0 The  measured  HAPs  emissions  are 5% or  less  of  the C,, VOC emissions 
at  all  sites.  Predicted  HAPs  emissions  are  less  than 8% of the  C3+  VOCs. 

0 Total C,, VOC  emissions  for  the  sites  tested  ranged  from 0.2 Ibsharrel of 
oil to 34 Ibsharrel of  oil.  Variables  such  as  oil  gravity  and  composition, 
separator  temperature  and  pressure,  and  ambient  conditions  contributed 
to this  wide  range  of  total C,, VOC emissions. 

The  E&P  TANK  option  using  multi-stage  distillation  or  AP-42 to calculate 
working  and  standing  losses  with  an  adiabatic  flash  from  the  separator 
temperatures  are  conservative  estimations  that  generally  overpredict 
emissions. 

0 Site 1 , where  the  E&P  TANK  model  underpredicted  emissions,  was  not  a 
fair  challenge  for  the  model  since  all  vent  flow  rate  measurements  were 
made  during  the  daytime  when  significant  heating  of  the oil between  the 
separator  and  tank  and  heating  of  the  tank  surface  was  occurring. In 
addition,  a  suspected  separator  gas  leak  into  the  tanks  may  have 
contributed to the  measured  emissions. In spite  of  these  difficulties,  the 
E&P  TANK  multi-stage  option  predicted  emissions  within  a  factor of two of 
the measured  emissions. 

0 Measured  C3+  VOCs  emissions  varied  by  a  factor  of  five  on 
measurements  taken  at  the  same  site  under  different  sets  of  conditions. 
(Site 3,  Day 3 and  Site 5). 

As  noted  above,  Site I may  not  be  a  fair  comparison  for  the  model.  Emission  flow 

measurements  were  made  during  daylight  hours in West  Texas  where  daytime 

temperatures  reached  the  middle  to  upper 80s. Oil  from  the  separator  flowed  through 

black  above-ground  lines to the  tank  and  absorbed  a  significant  amount  of  heat  before 

entering  the  tank.  The  temperature  of  the  oil  going  into  the  tank  was  not  measured  at 

this  site.  However, the vent  gas  temperature,  which  exceeded 100°F during the middle 

of  the  day  on  two  of the monitoring  days,  indicated  that  solar  heating of the  oil  and the 

tank  likely  contributed to the measured  emissions. 

The  differences  in  measured  emissions  at  Sites 3 and 5 (same  site  sampled  at  two 

different  times)  during  the two  different  sampling  periods  is  thought  to  be  primarily  due 

to ambient  temperature  differentials.  The  cool  ambient  temperatures  which  were 
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encountered  at  Site 3 were  thought  to  reduced  the  flash  by  cooling  the oil before it 

entered the tank  and to also  cause  condensation  of  some of the  flash  vapors in the 

tank.  How  much  of the  overprediction  is  due to tank  cooling/condensation is unknown. 

In general,  model  overprediction  also  may  be  a  function of the  difficulty  experienced  in 

capturing all of the  emissions  from  the  storage  tanks  due to leaky  thief  hatches, loss of 

vapors  through  other  process  equipment,  and/or  the  relatively  short  time  frames 

available to conduct  measurements  under  steady-state  conditions. In all  cases, the use 

of the separator  temperatures is certainly  the  most  conservative  method to estimate 

emissions. 

Table  5-22  presents  the  model  predictions  as  a  ratio  of  the  measured  emissions  in 

order to directly  compare  estimation  results.  This  table  also  contains  the  separator 

temperature  and  pressure  for  each  site. 

As can be observed  from  Table  5-22,  the E&P TANK  multi-stage  option  met  the  desired 

criterion  of  being  within  a  factor  of  two  of  the  measured  emissions  at  Sites 1, 2, 6,  and 

7. The AP42 option  met  the  criterion  at  Sites 2,6, and 7. The E&P TANK  multi-stage 

option  did  not  meet  the  criterion  at  Sites 3,4, and 5 (3 and 5 were  the  same  site)  where 

considerable  oil  cooling  was  observed  between  the  heaterhreater  and the tanks. In 

these  cases,  using  the  separator  temperatures  resulted  in  conservative  overprediction 

of  emissions.  However,  application  of  a  temperature  correction,  as  discussed  earlier, 

resulted in predicted  emissions  within  a  factor of two  of  the  measured  emissions  at 

these  three  sites  for  the  multi-stage  option  for  calculating  working  and  standing  losses. 
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Table 5-22. Ratio of Model  Calculated  Emissions  to  Measured  Emissions 
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Section 6 

CONCLUSIONS  AND  RECOMMENDATIONS 

CONCLUSIONS 

E & P  Production  Tank  FmlsslonS 

HAPS  emissions  are  a  small  fraction  of  the  total VOC emissions  from  the  production 

tanks.  For the seven  sites  sampled,  HAP  emissions  ranged  from I .3 to 5% of the total 

. .  

c,, vocs.  

Tank  vent  gas  emissions  are  highly  dependent  on  ambient  conditions.  Therefore,  HAP 

and VOC emissions will fluctuate  significantly  both  daily  and  seasonally.  Emission 

estimates  reported  on  a  yearly  basis,  such  as  tonslyear,  cannot  be  made  by  direct 

measurement  of  the  emissions  across  a  short  time  period,  such  as  three  days,  unless 

that  particular  time  period is representative of annual  averages  for  temperatures,  solar 

insolation,  production  rate,  API  gravity,  Reid  Vapor  Pressure,  etc.  Conducting  physical 

measurement  of  emissions  sufficient  to  define  a  particular  site’s  annual  emissions 

would be very  cost  prohibitive,  likely  on  the  order  of $40,000 to $60,000 per  site. 

General  Performance  of  the  E&P TANK  Model 

Estimated  emissions  from  the two E&P  TANK  model  options  were  very  similar in most 

cases.  The  multi-stage  option  for  calculating  working  and  standing  emissions  could  not 

meet  the  specified  RVP  at  five of the  seven  sites  because of the  interactive  nature  of 

the calculation  method.  The  AP-42  working and  standing  losses  calculation  method  is 

used  when the multi-stage  calculation  option  does  not  converge  to  a  solution.  The 

multi-stage  option  also would not  converge  to  a  solution  with  the  Site 4 separator 

temperature  of 145°F. A  separator  temperature of 141 OF was  required  for this  option to 

estimate  emissions  at  this  site.  This  model  option  either  overpredicted  emissions  or 

underpredicted  by  less  than  a  factor  of two. 
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The  AP-42  option  of  E&P  TANK  failed  at two sites (6 and 7) and  only  reported  flash 

losses.  As  with  the  multi-stage  option, it overpredicted  emissions  or  underpredicted  by 

a  factor  of  two  or  less  (Site 1 excluded  since it only  represents  daytime  emissions). 

Both  options of E&P  TANK  predicted  the  two  highest  emission  sites  within 45% of  the 

measured  emissions.  The  four  lower  emission  sites,  excluding  Site 1, were  significantly 

overpredicted,  but  were  well  within  the 10 tonlyear  HAP  and 100 tonlyear  VOC  action 

levels. 

When  significant  heating/cooling of the  fluid  between  the  low-pressure  separatorlheater 

treater  and  the  tank  inlet  occurred,  using  the  temperature  of  the  oil  as it enters  the  tank 

instead  of  the  separator  temperature  resulted  in  predicted  emissions  closer to those 

measured.  However,  using  the  conditions  from  any  particular  day  or  days  will  not 

necessarily  be  representative of actual  emissions  across  annual  time  frames. 

Emission  estimates  from  the  E&P  TANK  model  are  sensitive  to  the  measured  RVP. 

Therefore,  a  representative  sample  of  the  sales  oil  must be collected  and  correctly 

analyzed  for  RVP  to  accurately  estimate  emissions.  Collecting  a  representative  RVP 

sample in accordance  with  the  ASTM  method  can  be  a  challenge  at  many  sites 

primarily  due to limited  access  to  the  sales  oil.  Grab  samples  can  be  collected  at  most 

sites  during  trucking  or  pumping  operations  using  the  open  tank  method of ASTM 

Method D 4057, but  this  method  is  prone  to  some  volatile  losses. 

Tank  Emissions S a w  and  Analytical  Techniaues 

Measuring  actual  tank  emissions  is  an  expensive  and  challenging  undertaking.  The 

seven  sites  sampled  were  a  small  percentage  of  the  number  screened  as  candidates 

for  this  program.  Many  sites  were  deemed  unacceptable  for  the  program  objectives. 

Many  different  tank  configurations  were  encountered  from  which  representative 

samples  could  not  be  collected.  For  example,  bolted  tanks  were  not  sampled  since 

they  could  not be completely  sealed.  Other  sites  were  unacceptable  because  multiple 

destinations  were  available  for  produced  vapors  or  vent  lines  were  inaccessible. 
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Collection  of  pressurized  oil  samples  at  the  separator was  considered to be one of the 

greatest  sampling  challenges  during  this  effort.  For  these  samples to be representative, 

they  must  be  collected  under  pressure  in  a  manner  such  that  the  dissolved  gases  do 

not  have  an  opportunity to flash.  They  also  must be analyzed  as a  pressurized  sample 

to  measure  the  composition  of  the  oil  and  the  dissolved  gases  for  accurate E&P TANK 

model  predictions.  Pressurized  oil  samples  from  each  site  exhibited  relatively  small 

compositional  changes  from  day to day  indicating  the  oil  composition  was  not  varying 

much at each  site,  that  the  sampling  technique  retained  the  dissolved  gases  during 

sample  collection,  and  that  the  analytical  techniques  employed  by  the  laboratory  were 

providing  consistent  results.  Therefore,  it  has  been  shown in this  program  that  these 

samples  can  be  accurately  and  reproducibly  collected  and  analyzed. 

Use  of  orifice  plates to measure  the  low  flow  rates  associated  with  the  tank  vents  was 

an  acceptable  measurement  method  at  most  sites,  though  measurements  were  being 

made  at the lower  end  of the  transducer  range  at  the  low  flow  sites.  Flow  measurement 

at  the  lower  end  of  the  transducer  range  adds  to  the  variabililty  of  the  measurement. 

For  most  sites,  a  2-inch  vent  line  with  a I-inch or smaller  orifice  plate  and a  pressure 

transducer  in  the  range of either 0 to 3 or 0 to  10  inches  of  water  was  used to measure 

vent  stream  flows  on  a  continuous  basis. 

The  vent  gas  stream  composition  also  varied  considerably  at  some  sites  based  on 

ambient  temperatures  and  on  the  amount of air  entering  the  tank  during  withdrawl 

cycles.  The  on-site  GC  provided  numerous  instantaneous  compositional 

measurements  which  could  be  evaluated  with  the  flow  rate  measured  at  that  same  time 

increment.  These GC  measurements  could  also  be  averaged  to  obtain  average 

compositions.  Since  the  point-in-time  measurements  made  with  the  on-site GC did  not 

show  large  measurement-to-measurement  fluctuations,  time  averaging  or  flow 

averaging  data  gave  essentially  the  same  results. In addition,  since  small  changes  in 

composition  as  a  function  of  time  were  observed,  similar  results  between  canister  and 

on-site GC  data  should  have  been  observed.  Taking  into  account the  fact  that the 
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sample  lines  for  the  two  techniques  were  placed  in  different  locations  at  most  sites  and 

that  on-site GC  analyses  reflecting  collection  of  ambient  air  (e.g.,  during  withdrawal 

cycles)  was  not  included in averages,  comparison  between  the  composite  canister 

samples  and  averages  of  the  on-site  GC  measured  concentrations  was  very  good. 

As  a  general  rule,  the  on-site GC provided  slightly  higher  emissions  than  those 

measured  with  canisters.  The  differences  between  canisters  and  the  on-site GC were 

the  most  pronounced  at  the  heavier  oil  sites,  presumably  due to the  condensation of a 

portion  of  the  heavier  compounds in sample  lines  and/or  on  the  walls  of the canister. 

Very  little  difference  was  observed  between  the  canisters  and  the  on-site  GC  at  sites 

with  condensate. 

At  most  sites,  some  maintenance  was  required  to  the  gaskets  on  Thief  hatches  and 

Enardo"  valves to minimize the vapor  leakage  around  these  devices.  Generally,  with 

maintenance, it was  possible  to  prevent  the loss of all  but  a  small  portion,  generally  less 

than 5%, of the flash  gas  from  the  tanks.  However,  at  some  sites, it was  very difficult to 

determine if all  of the emissions  were  being  captured. In particular,  Sites 3, 4, and 5 

had  numerous  pipes  into  and  out  of  the  separator  and  storage  tanks  which  could  have 

resulted  in  the loss of  some  of  the  flash  gas.  These  pipes  were  traced  as  thoroughly  as 

possible to ensure  emissions  were  not  lost  through  them to another,  untested  vent. 

At  sites  which  did  not  have IACT units,  collection  of  representative  sales  oil  samples 

was difficult. In some  cases,  sample  ports  were  not  available  on the  sales oil lines. In 

these  cases,  grab  samples  of  the  sales oil from  the  tank  or  the  truck  was  necessary. 

Sampling  with  grab  samples  increased  the  likelihood  of  some  volatile  losses  and  a 

biased  RVP  measurement.  Collection  of  a  representative  sales  oil  sample  for the 

determination  of  RVP  and  API  gravity  is  important  to  the  ability of the E&P  TANK  model 

to  accurately  predict  emissions. 
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RECOMMENDED  AREAS FOR FUTURE  INVESTIGATION 

The  project  team  identified  the  following  as  areas  for  possible  future  investigation  that 

could  enhance the use  of E&P TANK: 

0 Although  the  sampling  and  analytical  techniques  used in this  project 
appear to be  satisfactory,  future  work  might  consider  alternative  test 
methods  (e.g.,  tracer  gas  releases)  to  confirm  the  measurements  from 
this  study.  This  study  indicated  that  some  emission  measurement 
problems  (e.g.,  Site 4) were  encountered in measuring  vent  gas  flows 
because  of  hydrocarbon  buildup  in  the  pressure  transducer  that  may 
have  biased  the  flow  measurements  low. 

0 Cooling  of  the  oil  between  the  separator  and  the  tanks  may  contribute 
to the  differences  observed  at some sites  between the measured  and 
predicted  emissions.  Further  investigations,  with  additional  test 
methods,  may be needed to determine if condensation  at  cooler 
temperatures  is  occurring  inside  the  tanks  and  reducing  emissions. 

0 A  field  guide  for  collecting  representative  samples  and  process 
conditions  for  model  input  parameters  should  be  developed. 

0 Development  of  a  protocol  for  using  the  model(s) to develop  annual 
emissions  estimates  should  be  considered. 

Use  of  a  pilot-scale  separator  and  tank  at  some  sites  to  carefully 
control  temperatures,  pressures,  and  vapor  leaks  during  emission 
measurements  should  be  considered.  A  skid-mounted  pilot  unit  could 
also  be  used  to  vary  separator  temperatures  and  pressures to 
determine  the  effect  of  these  parameters  on  emissions  at  a  particular 
site. 
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