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Generic Scenario: Application or Chemicals in EnbAJ1ced Oil Recovery 
Steam Stimulation, St.eam E1oodlng, JIJld Polymer/Surfactant E1oodin& 

Bac:qround 

The petroleum industry bu adopted the ll$C of enhaneed oil recovery as a way of extending the life of cWTCnt oil 
reserv�. Enhan<:ed oil recovery research began in.the 1920's during the first petroleum sboruge in the United 
StaleS. The first methods that were developed employed waterfl�ng: however, even at that time chemicals 
often were used in conjunction with waler. Today, polymer/surfacta11t flooding is ooe of the most efficient and 
expensive methods of enhanced oil recovery. However, steam stimulation and flooding also show promise and 
are more economical th.an polymer/$Urlactant flooding. In 199 l alone. 93 new chemicals were being mulceted 
for enhanced oil recovery processes (Petroleum Engineer International, 1991). 

Enhanced oil recovery C111TCntly accounts for lO'll, of domestically produced oil (Moritis. Im) with 
approlW!lately 761,000 barrels per day prodll(:cd. Polymer/surfactant flooding ac,;owits for only 0.3% .of the 10w 
production. whct'CII$ steam stimulation and flooding account for 64% of the total enhanced oil recovery 
production. Overall, 117 active enhanced oil recovery sit.cs (i.e. areas where recovery wells are in use) in the 
United States utilize steam stimulation and 26 active sites utili.z.c some form of polymer flooding. No lcnown 
active sites utilized sutfactant flooding exclusively as of April, 1m (Moriti.s, Im). Use of steam for enhanced 
oil recovery increased bccween 1980 and 1986: however, since 1986, the number of active sites using steam 
stimulation for enhanced oil recovery ha, leveled off (Moriti.s, Im). The use of polymer/surfactant flooding 
ha$. been decreasing since I 984, possibly due to the expense involved with that particular process (Mori tis. 
199'2). 

Production Proctsa 

In general, two factorS affect the amount of oil recovery possible: the oil displacement efficiency and the 
volwneaic sweep efficiency. The oil displacement efficiency is related to the ability of an injected fluid to 
displace the oil it contacts in the reservoir. The volumetric sweep efficiency is detineq as the relative amount of 
reservoir invaded by the injected fluid. In general, chemicals arc used in enhanced oil recovery either to 
improve the oil displacement efficiency or to improve the volumetric sweep efficiency (Borchardt. 1989). 

High-penncability streaks or layers known as thief wnes, or natural or induced rock fractures can channel the 
injected fluid through a small ponion of the reservoir resulting in a low-volumeaic sweep efficiency. Four cypes 
of chemicals arc used to seal the thief zon� and fracrures in order to direct the injected fluid to other areas of 
the reservoir. 

crosslinked polymers (1.000 ·10 5,000 ppm polyacrylamidcs or xanthan gwllS) 
reacuve monomc:n (2 to 5 wt% acrylamid�) 

• lignosulfates (2 10 3 wt'll,)
•· sum.:i.ts through precipitation.

Crosslinked polymm arc the mo>t commonly used compounds with partially hydrolyzed polyacrylamid� and 
some xantban gum,. lbey usually arc injected at cimcentrations of 1000 10 5000 ppm and crosslinked in siru. 
The most commonly used crosslinkcrs are Al(lll) as aluminum citrate and sodium aluminate and Cr(J]l) 
compounds. although organic compounds such as glyoxal and fomwdehyde have been used. Chromium 
compounds arc often injected as Ci{Vl), then oxidized in siru 10 Cr(Ill). 

Steam stimulation and flooding are used to reduce the viscosity of the oil. making it easier to extract the oil from 
the reservoir because of the increased mobility of the oil. The two methods differ in that steam stimulation 
involves steam injection followed by a waiting period before pumping begins. whereas steam flooding involves 
continuous steam injection. Surfactanu and/or polymers often are used in conjunction with steam 10 control the 



mobility of the sceam or co plug chief zones. For example, gravity override is the migracion of sceam to the 
upper portion of the fonnation and is caused by low steam density. llus results in channeling of che steam 
through the upper portion of the reservoir and • low-volumetric sweep efficiency. Surfacwus are used in 
conjunction wilh S1.eam to con(l'OI gravity override and chus increase che volumetric sweep efficiency. 

Chemicals Used 

Polymen. such as polyacrylamides and xanthan g�ms. and surf.H;tants are also used to con(l'OI mobility. 
Conccna-ations of these polymers as low as.100 ppm may be used co achieve the desired results. � 
concenlrations are much lower than when lhe polymer is used to se.al thief wncs: chcteforc, the purpose for using 
lhe polymer must be known. Surfactants also require lower concentrations wheo used to con(l'Ol mobility, with 
concentrations as low as 0.1 wt% being effective. 

Surfactants can be classified generally as anionic and nonionic. Anionic surfactantS.typically contain linear 
alkylbcnzcne sulfonates (ABS). alpha olefinsulfonaJeS (AOS). and occasiona.Jly lignosulfonates (never a primary 
constiruent). Nonionic surfactants include alcohol etboxylates and alkyl phenol etboxylates. Alkyl sulfatcS and 
elhoxylated alcohol su!fatcs often are used as cosurfactanis. 

In geoeral, the polymers or surfactaots are received in SS-galloo steel drums. 1be polymers may be provided in 
a fine powder, in microbe3ds: or possibly. in liquid fonn. The solids comprise 88 to 92% active ingredjent. with 
the remainder ma.de up of excess moisrure. The liquids rtypicaJly contain 20 to 30% of the active ingredjcnt. with 
the remainder made up by the carrier material. Typical earner materials include processed di=l. purified 
kerosene. or high-quality mineral oil. 

If the product is provided in powder or micro bead form, a solution is made based on the manufacturer's 
recommendation. 1be powders or microbe.¥:b generally are mixed in a continu0113- stirred t.ank rcactoc at the 
well site. which typically is enclosed. The solids are introduud into the reactor by means of a device similar 10 
an eductor, which weu the particles prior to releasing them into the reactor: The wetting greal!y reduces the 
quantity of dust that is generated. This solution, whicb is contained in another storage tanJc at the well site. is 
then pumped in with the injection fluid during injection via metering pumps. Figure L illustr.ueS this process. 

Flaure L Scliematic diagram or surfactant/polymer flooding process 

It is difficult to estimate how much polymer or surfactant is required, because the amount used is highly site­
specific. However. a successful enhanced oil recovery operation is considered one that recovers 20% as much 
oil as fluid injected. For example, co produce 4,000 barrels of oil per day at a well-site would requite injecting 
20,000 barrels of injection fluid per day. If a surfactant is added for mobility con(l'OI at 0.1 wt'l&, approximately 
20 barrels per d.ay (840 gallons pct day) of surfactant would be used. 



Appli.,,.lion or tbe Cbemical5 Used 

Appli.,,.tion of these chemicals typically is quite simple and involves few people. Worker exposure generally is 
limited 10 the time involved with mixing the chemicals for the injection fluids. If the chemicals are received in 
liquid fonn. they are injected as received with the injection fluid at concentrations either recommended by the 
manufacturer or detamincd from field teru. If the chemicals are received in a solid form. they arc first mixed 
into a solution with water as described above and a.re then injected with the injection fluid. Generally. up to S 
people mix solutions dwing seven! boun per shi_fl During production, !here would be two or three shifts per 
site, which would mean up to 15 people per site may be exposed. Given !hat there are approxima�y 143 sites 
using sceam stimulation. steam floodillg, or polymer/surfactant flooding, a maximum of 2,145 people could be 
exposed on a daily basis in the United Swcs .• 

Fluid reaieved from the reservoir is sent to a holding tank whete it is mi;ted with oil. Thero the murure of the 
chemicals and the oit is separated so that the oil can be recovered. 'The water !hat i.s geoentcd from the 
separation process contains the chemicals that initially weie injected 10 stan the oil recovery process; however, 
standard practice is to recycle this Ou.id back into the =oir. Recycling of the wa1et/cbemical fluid is done 
continuously dwing the oil recovery proce,s. 'The recydillg eliminai.es most of the solid and liquid waste that 

· would be gener.ucd by the oil recovery process.

Was� Generalion, En'riroo.mental Releases, and Expomre-Lcvd Calco.La.lions 

Assumptions 

1be assumptions in Table I reptesent estimated numben based on thc � in the previous section. These 
assumptions may be used 10 estimale typical worker exposure for new chemicals using the calculations p=nced 
in this section. Any information which is provided in a PMN which provides specific information for any of 
these variables may be subsdruted for the values shown below. 

Table 1. Assumptions Used to Calcula� Expolure Le,ds 

Variable ValueASSUIMd 

Number of shifts 2 
Number of sices 143 (max) 
Total number of workers 12 workers/site. 250 days/year 
Production ra1e (PR) S.300 barrels/site/day
Number of houn for transfer/moon.g IO hours (5 per shift)

(H,,) 
Fo,;I recovery (FR) 

.

20% 

i,, PMN 0.5% 

Environmental Rei-

Solid Wast.es: The chemicals used in enhanced oil recovery operations are all assumed 10 be used in injection 
operations (i.e., fluid recycled back into the process). Some small amount of solid waste may arise from the 
separation process used to recover oil from the oil-injection fluid mixture retrieved from the oil reservoir. To 
prevent any stoppage in the recycling lines. the solid was� would be cleared from the line occasionally and 
packaged as solid waste in 55-gallon drums. 



Air Emissions: Afr emissions of a chemicaJ product used in enhanced oil recovery wit) depend on whether the 
product is in powder. microbead. or liquid fonn. 

Powder Formulations: In enhanced oil recovery operations. the powdered chemical products usually are 
wetted prior to their relc= into the reactor: hence. the release of powden to the air can be expected to 
be low. TypiClllly, the handling and mixing of powden in manufacruring applications lead to air 
emissions on the order ofO.I to I wt% of bulk powder usage (U.S. EPA. 1985). Assuming the absence 
of particulate emission controls al the cypical oil recovery operations site, air emissions of PMN material 
resulting from the use of powdered chcmleal producu can be calculated as: 

PR 
m' 

• 0.16-­. barn/
• Hr 

• Pr • 100 • (0.1 through I) • '!6PMN 2 ?kg/site/day 
FR 100 100 

where PR: Production rate al the oil recovery site (barrels/day) 
H.-,: Number of hour, involved in transfer/mixing operations (bounlday) 
FR: Fuel recovery of fluid injected (weight percent) 
'lb PMN: weight percent in injection fluid of the PMN 

material (active ingredient) 
pf: Assumed to be 1080 kglm3 density of fuel recovered (constant) 

(I) 

Microbead Formulations: ·Air emissions from microbead formulations of chemical products used in 
enhanced oil recovery operations are expected Ito be negligible unless componet1t, of the formulation are 
volatile. ln general, air emissions from a PMN material contained in a m.iaobead forn,ulation can be . 
assumed to be minimal. 

Liquid Formulations: ln the case of a liquid product. only a portion of the produet, cypically 20 to 30%, 
is the GCtive ingredient. The rem&ioder i.s a carrier material such as diesel, kerosene, or mineral oil. If 
the PMN material i.s nonvolatile, releas,:s to the air are expected to be negligible. The majority of the 
various types of chemicals currently used in enhan<:ed fuel recovery operations a.re nonvolatile (i.e. a 
vapor pres.sure of HT' torr or lower), including· the polyacrylamides, xanth.a.n gums, acrylamides, and 
lignosulfateS. However, several of the surfactants such as alcohol etboxylateS and alkyl phenol 
ethoxylate5. as well as organic in siru crosslinlcers such as formaldehyde, are sufficiently volatile to result 
in air emissions from their use. Releases may arise from chemical s10rage areas: transfer operations 
(tank worlcing and brcalhing losses [CEB. 1991)); fugitive emissions from reactors. valves and 
compres30r seals. and tanJc cleaning; oil separation/recovery proc=ing; and other secondary processes. 
Volatile PMN material releas,:s can be estimated either directly from measurements of other compounds 
in the product muture or by using U.S. EPA database cstimateS of air cm.is.sions of organic compounds 
from these operations. In the case of the former approach, the air emissions can be calculated as (CEB, 
1991): 

Q •"'7 
• T a 7 kg/site/day 

where �: Estimated emission factor for the org.anic compound with a vapor pressure P
.,., 

(kg/second) 

Ai-I· 4

(2)



Vapor pressure of the PMN material 
Mole fraction of the PMN material in the product mixture 
Vapor pressure of the organic compound in the product mixrure 
Mole fraction of the organic compound in the product mixrure 
Duration thaI volatile releases are expected to occur (seconds/day) 

Water. Releases to water are assumed to be negligible, because most wastewater and liquid wastes generally are 
recycled and injected back inlO the reservoir durin& enhanced oil recovery opetations. 

Subterranean Releases: 'The enhanced oil recovery process will result in the release of injection fluid and the 
PMN material to underground oil reservoir,. The subtem.:nean release of the PMN material can be estimated as: 

PR 
111

3 

• 0.16-­
barr�I 

100 
• P, • FR

• 'loPMN = ?kg/siU{day

100 
(3) 

Disposal Concerns: Drums used to a-ansport the chemical products to the oil recovery site are assumed to be 
recyclC!i. cleaned 10 remove contamination. or appropriately landfilled. All liquid and water wastes are assumed 
to be injected inlO the oil reservoir. The manufacturer submitting the PMN must address any potential 
mechanisms by which the PMN material may leave the si>te. 

Worker Exposute 

Worker exposure to the PMN material may occur during transfer opetations and to a lesser extent from smrage. 
use. and injection fluid recovery/separation operations. Worker exposure i! dependent on whether the chemical 
product containing the PMN aw.crial is a powder, microbcad. ·or liquid formvllliog, !!lhalation and dermal 
exposures to the PMN ma!crial from drum iransfer operations are assumed IO predominate over the exposure 
potential of the other opetations. 'The use of chemicals ic enlwlced oil recovery �ons at a site is assumed 
to involve ttan.sfers from SS-gallon drums to a reactor or other enclosure at a specific frequency dependent on 
the oil production rate. 

Inhalation 

Powder Fonnulations: Asswning that the powders can be classified as inert or nuisance dust. the overall 
OSHA Permissible Exposure Level (PEL) is 15 mgim1. The OSHA PEL of the respirablc portion of the 
powder is 5 mgim1. lnhaladon exposure of a worw during an opcruing day to PMN material in a 
powder fonnulatioo is: 

• IR • PR • Hr • %PMN" � ?1:gjsiU/day
100 

where IR: Inhalation rate assumed 10 be 1.25 m1/hr (CEB, 1991) 
H.r: number of hours per day that each worker is involved in drum transfer operations 
% PMN

°
: weight percent of PMN material in the chemical product formulation used 

At-l- .5

(4)



This caku!a<ion as.sumes that th"! powder and PMN material are inen and can be classified as nuisance 
dust. 

Micrnbead Fonnulations: Micrnbead fonnulations are assumed to rc5ult in negligible airborne PMN 
material concentrations. so inhalation exposure would be minimal. 

Liquid Fonnulations: Liquid formulations with nonvolatile PMN materials are a,ssumed to rc5ult in 
mlnimal inhalation exposure to PMN materials from drum transfer operations. For a volatile PMN 
material with a vapor pressure at ambieni temperature with P (torr or mm Hg) and molecular weight 
{MW). the following relations are used to estim.a!t the concentration of PMN material resulting from 
transfer operations for the worst-case scenario i11volving tnn.Sfer oper.Uions from SS-gallon drums (CEB. 
1991}: 

where CPMN:

P: 
MW: 
MV: 

·MWC
,.
'°' s 9SP • -

MY 

Concentration of PMN in the aanospbcn, (mglm3} 
Vapor pressure at. ambient temperature (lo-4 torr or greater) 
Molecular weight 
Molar volume " 24.S Umole @ 2s•c. I atm 

The inhalation exposure to the volatile liquid PMN material is: 

c,ILN • ks • IR • (PR • 0.16
barrels) • Hr s 7 �(site/day 

!o'mg ml 

(5) 

(6) 

Denna! Exposure: Dermal exposure can arise from the filling/dumping of powden and liquids during drum 
transfer operations. Dermal exposure can be expected ,o arise from both intermittent and routine contact with 
the chemical product containing the PMN material during drum ll'3.llsfcr oper.Uions. 

Powder Formulations: Using estimates of the typical demial exposure from the filling/dumping of 
conr.uners of powders (CEB. 199 I), the dermal exposure to PMN material is: 

(6,.500 -18,200) !!!£ 
ml 

• _!L
lo'mg

( ban-els) 
• Hr • PR • 0.16 m' • 'foPMN" ; 

?kg/siu/day (7)
100 

Toe estimate assumes that both hands of the worker routinely come into contact with the powder 
formulation and that· the PMN chemical does n-ot rapidly evaporate or become otherwise transformed. 

Micrnbead Formulations: In the case of microbead product formulations the dermal exposure can be 
expected to be lower than the estimates for powder formulations. 

AN- 6 •



Liquid Formulations: Using estimates of the typical dermal exposure from routine contact dunng 
unloading of drums containing the liquid formulation (CEB. 1991), the dermal exposure to PMN material 
is: 

(1,300-3,900) m� • kg. • H
7 

• (PR • 0.16 �:ts) •
m 10'5mg 
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