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FOREWARD

 This publlcanon is based on orl and gas company quesuonnarres representmg NORM
(Naturally Occurring Radioactive Materials) accumulated to the end of 1992 and annually -
produced during 1993. Some late replies from 1994 have also been added. The production -
~ of oil and gas in the United States has resulted in the co—productlon of scales. and sludges -
contaminated NORM. This study is based on the actual costs of NORM. dlsposal obtained
through questronnarre replies from oil and gas producers. The NORM questionnaire
- replies were received from companies representing 46 percent of the domestic U.S. oil,
~ gas, and gas condensate productJon The survey results were prorated to represent 100 per-

~ cent of the U.S. oil and gas industry. Most of the 011 and gas producmg states of the u. S '
- are represented in the ¢ survey rephes

This document details the reported quantmes of NORM that have accumulated over the

- years and the annual rate of NORM production for 1993 from the domestic U.S. oil and

gas condensate production. No data was received for NORM in the gas industry. This pub-
lication documents the 1992 costs of the available NORM disposal options at that time and
calculates the cost impact of disposing of the accumulated NORM and ‘the annual cost of
comphance with emstmg and proposed NORM regulanons ot

- Overa number of years some 10 million drums (55 gallons each) of NORM have accu-
mulated in. production, process equipment, produced water ponds, and treatment pits.

NORM continues to be produced at a nummum rate of 140,000 drums per-year frorn oil
- and gas condensate producnon

Survey monitoring programs to detect and quannfy NORM are in operauon in v1rtually
all domestic U.S. oil and gas producing areas. These programs are designed to provide
NORM data to sat_lsfy regulatory reporting requirements. The quesnonnzure replies

*include two reports of very large NORM accumulations. These two reports along with a
concentration of reported NORM data from the Guif Coast of Louisiana and Texas were
included in the database used to extrapolate the reported NORM quantities to represent the

entire U.S. oil and gas condensate production industry. However, recent reports of NORM
~ in the feed stocks to the downstream refining and processing industry that are not included
~in this report may indicate an underreporting of the annual NORM production rate of

140,000 drums per year. Other studies[3),[7] have indicated that this annual figure could

. be four times hrgher than reported in the questxonnaxre rephes even after proratmg to rep- .
resent the entire mdustry S i ‘

There are a growmg number of NORM dlsposal optrons defined by the specific actrvny
of the NORM that they will accept, all of which are licensed or permitted by federal and
- state agencies. The NORM acceptance criteria are different for each disposal site, as are
dlsposal costs. The range of avarlable NORM disposal opﬂons at the end of 1993 mclude

*. Burial in 10,000 = year perpetual care sites. ~ : o
e Tand management and dilution- wrth Nonhazardous Orlﬁeld Waste (NOW) matenal

ot Injectmn into class II wells after processing either in the area of the producrng ﬁeld
“.oorata pnvate facility after dilution with NOW matenal

« Sale of NORM contaminated steel to China. -

. Drsposal reprocessmg and placement of NORM materla] asa  cap for the Chemobyl
‘reactor. .

e stposal in old producnon wells bemg plugged and abandoned

Disposal costs per drum of NORM vary dependmg on the specific activity of the scale :
 the number of drums, and the dlsposal option selected. Costs range from approxrmatelyr
$74 minimum to $3, 333 per drum. Actual average costs to date reported in the NORM
questronnaxre from the U.S. domestic oil and gas industry are $544 per drum w1th a maxl- '
~ mum of $20,000 per drum reported by more than one company.
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Usmg the average drsposal cost per drum of $544 the annual cost 1mpact of dlsposmg ‘

~ of the 142, 000 drums of NORM produced would be $77 million per year. The. potemJal
cleanup over 25 years of the accumulated NORM volume of 10,000,000 drums at 400,000
drums per year, adds an additional cost of $218 million per year The total annual NORM :
: 'dxsposal cost could be $295 million per year for the next 25 years. These figures do not

ylnclude the costs to identify, sample, analyze, clean and containerize the NORM ready for ‘
disposal. «

NORM disposal costs may be reduced sxgmﬁcantly if one or more of the followmg
~ options are used:

a. Volume discounts offered by the dxsposal compames

b. Cheaper d1sposal options becommg an operational reahty : : ‘
~ c. Disposal volume reduction due to regulatory comphance matched to real nsk_
d. ‘Exempt concentration level above 30 pCrIg

- Other dlsposal options may have been mtroduced since t.he date of tlus survey in 1992-
‘93 They are not evaluated in tl'us pubhcatmn ‘ :
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data was compiled and how

A NORM DisoosaI'Cost‘Stu«dy .

SECTION 1—VOLUME ESTIMATES OF NORM WASTES

11 lNTRODUCTION

Region 4

Region5

lY};e’y are. grouped into the five
regions used in the data analysxs

The NORM survey questlonnan'e was sent out to APIk ,
member companies. The appendices and tables in this docu-
ment were derived from the 50 questionnaire replies: -
received representing approximately 46 percent of the
~ domestic U.S. oil, gas, and gas condensate production -
‘capacity. The quesnonnaue replies are summarized in Table

1 by total oil and gas condensate production as a percentage of

each region total. Annual oil and gas condensate production fig-
- ures from the Oil and Gas Journal [5] are shown for compari-
son. No replies were received relating o NORM as natural gas.’

The data for oil and condensate productxon in section
1.6.1 of Appendix C were cross-checked with reported oil

and gas condensate figures from the Dwxghts Energydata,
Inc.(6) information database to ensure an accurate division

-of production by state and region for the respondmg compa-
nies. This was done to prorate the figures for the total accu-

mulated NORM to December 1992, and the 1993 annual

' NORM producuon data was recexved from the oil and gas‘ ﬁ
* producing states of the U.S. shaded in Figure 1. Most of the
questionnaire replies were grouped by individual-oil com-

:igure 1—Responding 'Stétes Grouped Into Regions

“the well bore. The second high-cost NORM disposal job
~~was also due to an unusable well bore because a piece of
, eqmpment lodged in the well.

pany regions; ‘most regxons mcluded more .than one ‘state,
Because of the different grouping of states included byeach
company the information was analyzed using the five
regions shown Fxgure 1 1llustrates the states from which the

Region 1
Region 2 8

; NORM production to represent the total oil and gas conden—
sate productmn in each region. The Dwights [6] information

also allowed the rephes to be more accurately divided by
state and grouped by region.

No two questionnaire rephes had the same regxonal
grouping of states; hence, the replies were adjusted to the
regional groupings - shown in ‘Figure 1. The two survey
replies with NORM drum disposal costs ‘of $20,000 per
drum were omitted due to the unusual ‘operational problems
causing these high costs which are not anticipated to recur. -

- The first high-cost NORM disposal job reported was due to

the loss of the use of the well because junk steel was lost in

. 1.1.1 COMMENTS ONTHE NORM SURVEY DATA

The' NORM surveys did not use a single, con31stent sur-
vey procedure or dose rate demsxon cntena For example,
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Table 1——01! and Gas Questlonnarre Replres (OOOBPD) 1992

Region, , Gulf Coast - Mrd—Conunent, : Rocky Mountains Cahfornla : :Alaslta o i Total -
Replies000BPD 2 3m 68 18 . 164  3m
(Percentage of Region Responding) (44%) (20%) (13%) (17%) (100%) (46%)

- 000 BPD (100 Percent) Ref [51: 2,233 0 11,583 512 . 936 1624' L 6888

the distance of the detector from the item being surveyed
(when known) varied from 1 centimeter to 18 inches. The
“dose rate decision criteria of either 25 or 50 microR/h was

universally applied to NORM i in equ1pment in drums on the

- ground and in produced water pits. The reported data did

not include the number of items surveyed and found to be
free of NORM thee items would be more numerous than
k'1terns found contammated :

- Figure 2 prepared from  the prevxously unpubhshed

"Lmoga NORM survey data shows that 90 percent of the
NORM held in storage in 1992 using a 25 microR/h deci-
sion criteria had a specific activity less than 100 picoCuries
per gram. However, Norm surveys conducted by surveying

: Numberof Barels (000) ;

150

124
: (55%)

120 = = g
90% <100 pCU/G

90

92% <100 pCYG -

pnan

: =1 <<1°/o; :
100-500 500-1 OOO >1,000 :Specific
Activity .-

Pu:ocunes/Gram o

: Flgure 2—Drums of Stored NORM by Specnflc Activity
and Percentage of Tota| Stored Per Actrvrty Range

, equlpment and tubulars and using an action level of 50
~microR/h may have difficulty [8], depending on the quantity

of NORM material accumulated inside the equipment and.

the thickness of the steel, and in detecting NORM on the

inside of the item being surveyed where the specxﬁc actmty

- is less than 100 pxcoCunes per gram. Hence, it is possible :
 that only NORM with a specific activity greater than 100

pxcoCunes per gram (that is 9 percent of all NORM) was

~ being reliably detected with an external dose rate over 50
~ (R/h, and reported in the survey replies. Figure 2 also illus-

trates that less than 1 percent of NORM has a specific activ-- »
ity greater than 1000 picoCuries per gram. Other field
survey factors that ‘affect the production, detecuon, and

the outside surfaces of the oil, gas, and gas condensate ' . rTeporting OfNORM are:

a. Sensmwty of the survey detector

b. Action level for reporting (currently 50 mlcro/h)

. c. Oiland gas productron rates

 d. Ratio of produced water to oil; that is, barrels of water

per barrel of oil

’ e Use of scale mh1b1tors to prevent NORM

f Percent of produced water re-m_]ected versus surface ’

¢ treatrnent processmg :

ik 11 A NORM Database lnformatron t

= The norm information used throughout this publrcatlon n
: was obtained via a survey questionnaire. Appendices A
~ through G provide examples of the questionnaire, the infor-

mation received, and various summaries of the information. ‘
A description of the contents of each appendix follows.

Appendix A illustrates a typlcal questionnaire reply: =
received with the umversal and notable absence of NORM

“data assocxated with gas production. Only one reply con:
“tained NORM spec1ﬁc activity information. Figure 3 sum-
- marizes the dose rate data for the accumulated NORM.

Appendlx B includes a range of NORM disposal Job/pro- s

.~ gram costs to illustrate the data received in the questionnaire
~ replies and mcorporated into the database in Appendix C.

Appendix C- Questxonnaue Survey Rephes Database Sk
The survey questionnaire replies for the oil and gas conden-

sate production were checked with data from Dwights Encr—y
gydata Inc. [6] to ‘enable the information to be prorated:to

- represent 100 percent of the oil, gas, and gas condensate ‘

productlon in each regxon
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“NORM Aocumulation
~/in (000) Drums -
Equivalent

S
3
1

100~

6
oE : B (<1%)
Ov 25-50 50-100 100-500 500100 >1,000
! e Dose Rate Ranges
AN IR . : ‘microR/h

Flgure 3—Drums of Stored Norm by Dose Rate -
' Corrected to 100% Production '
From API Survey 1993

Appendix D- Transportation Cost Matrix by Region to
Permitted Disposal Sites (1993) - Estimates were derived

from transport company rate sheets and modified through

discussions with oil and gas producing companies. Rates are
for exclusive use full-load vehicles.

Appendix E - Actual Disposal Costs per Drum for Plug '
and Abandonment Summarized from Appendix C - Maxi-. -

mum, average and minimum costs per drum for NORM

~ disposal . injection  or encapsulatron placement. waskk
" obtained; virtually all the data came frorn Reglon l—the

~Gulf coast.

Appendix F - NORM Drsposal Costs by Regron for Real

Disposal Options— This matrix summarizes the maximum,
average, and minimum disposal cost per drum from each

region to each disposal site and adds in the transport costs to

give the total disposal costs per drum for the annual NORM
-production and the accumulated NORM material for each
- region to each drsposal site. The accumulated NORM drums

per regxon is multiplied by these costs to give the range of

: accumulated NORM drsposal costs per regron See Sectlon :

3.2 (Table 7.

The annual NORM productron rates from Table 3 for all
five regrons are also multiplied by the minimum average and

‘maximum average transport and disposal costs per: drum

(from Appendix F) to. give the annual NORM transport and

-~ disposal cost range summanzed in Table 5.

~ Each of the five regrons is summanzed separately, and all

five are totaled to give the range of transport plus disposal -

costs for all accumulated NORM and the annual cost of dis-
posal for the annual volume of NORM produced see Sec-

tion 4 3. , .
Appendix G - NORM Production by 'rype of Source —_

i Summarized data from the replies are grouped for compan-

son by the source generating the NORM. The two enormous
accumulation reports (#:137 and # 146) were checked with
the respondrng companies and their accuracy confirmed;

these reports are representatrve of the historical NORM
~accumulations.

Appendlx G shows that stored sohds (A) were not identi-

fied in the survey concerning their original source of pro-

duction. NORM-contaminated stored tubulars. ®) ‘and

*equipment (C) along with stored solids (A) each represent

less than 1 percent of the total NORM known to have been

' produced and, accumulated by December 1993. The single larg-

est source of accumulated oilfield NORM reported in the ques-

: uonnmre rephes is contamed in. produced water prts or ponds

1.2 VOLUMES OF NORM WASTE—PAST
- PRESENT, AND FORECAST '

“The actual survey replies represent 46 percent of the

' domestic oil, gas, and gas condensate production. The ratio

of the total oil and gas condensate productron from the Oll
and Gas Journal [5] to the reported production data was

- used to multiply the reported number of drums (of NORM

for each region) to represent 100 percent of the domestic oil
and gas condensate production as shown in Table 2.

- The U.S. oil and gas producrng states from which replles

‘were received and shown in Figure 1 have been grouped .

into five regrons to facilitate the calculation of the NORM
disposal costs. Most respondlng companies had operating
areas with different state groupings, some of which were not

identified by individual states. In those cases, the survey

data was prorated for the total productron between' the mdx- o

~vidual states and regrons

Regron 1, the Gulf Coast survey, reported ail, gas, and gas

‘condensate production was 971.62 mbpd (43.5 percent of

the actual 2,333 mbpd [5] (100 percent) produced in Region
1. Hence the prorating factor is (100/43.5) = 2.3 The prorat- -

~ ing factor for Regions 2, 3, 4, and 5 were calculated in the -

same manner ERns
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. Table 2—NORM Generated Per Region From 100 Percent Of Producers -

Table 3— Annual NORM Generation Rate is calculated : |
from the reported annual NORM generatxon rates contained

in the survey replies.

The annual -reported quantities of NORM generated for

~Regions 1, 2, 3, and 5 are based on a fraction of each
~regions oil and gas production which is ﬁrst multiplied by a

ES

factor derived in Table 2 which then equates the annual
NORM generation rate to 100 percent of the productmn for ,

teria it is difficult to detect. NORM wnh a specxﬁc activity

each region.

The NORM survey dose rate demsxon criteria of 50

microR/h is measured on the outside of the steel compo-
nents surveyed. No one measurement protocol was used to
take the readings. Some of the survey issues affecting the
*-accuracy of these readlnos are the various thicknesses of the

equipment steel, the distance of the detector from the com-
ponent and its orientation to the equipment being surveyed,

the quantity of NORM present within a component, and the
possibility - of non-radioactive  shielding barium scales.

Because of these sources of error and eXtemal decision cri-

less than 100 p1coCL/gram

The producuon of NORM 1n oil and gas equipment (see |
- Figure 2) has a relatxonshlp between the quantity produced
and the specific activity such that based on the Lmoga data

90 percent of the NORM produced is less than 100 pxcoCxI
gram. This materjal is not easily detected by external sur-

‘veys unless ‘they are carefully conducted by trained and

~experienced NORM technicians {8]. From a review of the

,A‘

dlfﬁcuIUes and the factors that affect the accuracy of these

' Total NORM accumulated

readmgs even in a laboratory controlled situation {8], the
reported quantities of NORM based on these readings may
be underestimated by a factor of 2 to 10. Hence, both the
-annual and the accumulated quantities of NORM are multi-

S Regione '
1ol g R 3 4 5
Derivation of Production Multiplier to 100 Percent mbpd . '

"~ Production replies ) ‘ 32267 6785 145.3 16240
Oil and gas journal ave - 22300 1,559.0 517.0 936.0 16240
Percent of regional total 435 207 13.1 155 "100.0%
Multiplier =23 =48 3,=76 =645 10

plied by a factor of between 2 and 10 to represent the full -
range of NORM specific activities. This document uses the -
factor 10 to calculate the total annual NORM production -

and the quantities of NORM accumulated over many years

~ of production.

Table - 3 shows the annual NORM generanon Tates

reported by Regions 1, 2, 3, and 5. The reported figures are

multiplied by the factor from Table 2 to represent 100 per- :

- cent of the production and then by 10 to take into account

the dxfﬁculnes in detectmg the lower spemﬁc acnvmcs of '

. "NORM.

- The data in Figure 3. COmes directly from the quesuon-

. naire replxes and shows the reported quantities (in 000‘s of

drums) of stored NORM grouped by the dose rate ranges

microR/h. From the previous discussion, the readings over
50 microR/h represent NORM over 100 picoCi/gram; and

' from Figure 2A, shows this is 10 percent of the total NORM

+25-50; 50-100; 100-500; 500-1,000; and greater than 1,000

produced The total quantity of NORM based on these data,

if fully identified, can be illustrated in this equatxon

-10x(47l000+705000+430000+6000)drums
: —16120000drums :

Table 3—-Annual NORM Productlon Rate 1993

 Total NORM

L . NORM Reported Prorated to 100 Percent Tota.l PerAnnum X Multiplier for Production Per
Region > 100 pCi/g . Production "+ Prorated Drums All NORM ‘Annum Drums
Gulf Coast 4106 23 RYVE 10 94440
" Mid-Continent 367 Ry 1,762 10 17,6200\
Rocky Mountain 106 % 7.6 1,216 10, ’ 12,160
California ~ * 0 00 10640 10 10,6407
~ Alaska 753 L0 753 10 7,530
* 14,2390 :

‘Note: Usmg the mulupller lO as prevxously dlscussed gwes a total annual NORM pmducuon of 142,000 drums

lCalt:ulated value,

0

142,390 .

l’Rt:pon:t:d number represents NORM greater than 100 pCl/g from Fxgure 2 Lhat is lO percent ol' the total Annual producuon S

\‘ 3.4

9
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k121 Calculatlon of the NORM Productlon |n .

Region 4—Cahforma

From the survey results, no NORM was repoxted for

Region 4. However, a 1995 NORM survey of oil and gas

production equipment in California by the California:

Department of Health Serv1ces Radrologlcal Health Branch

(RHB) found that NORM was present in some of the oil'and.

_gas equipment that had been removed from service. Thexr

. sentative of the real occurrence rate previously reported as
- 3.42 percent [1]. From recent NORM survey work in Cali-
~ fornia by a number of oil and gas companies, it has been
 learned that the occurrence of NORM appears to be lower in

California than the Gulf Coast states. Because of the: datain -

these reports and in discussion with the RHB, an estimate

has been.made of NORM occurrence. for the California :
region. by comparmg itto the next closest region 2—Mid-Conti- :
‘nent) in both oil and gas production and NORM incidence

" reported [1] and calculated for the states grouped in each regxon.

Region 2—Mid Continent ,
Reported oil and gas condensate

-~ production o S
- From quest10nna1re =323,000 bpd
a Reported annual NORM , : St
, productron : =367 drums per annumﬂ :
Total annual oil and gas :
'productxon 51 = 1 583 000 bpd
: x 367

Total annual NORM generated = 323,000
’ . Total —1799Drums
- Region 4—-—-Ca11forn1a L

Reported oil and gas condensate

a productxon
- From questionnaire

“Reported annual NORM

productlon
- Total annual oil andgas S
production [5] = 936,000 bpd
Total annual NORM generated - x1,799.
a : Total ~ =1,064 Drums

=145000bpd

Table 4~Accumulated NORM in Drums Tubulars, Vessels Process EqUIpment Ponds and on Sltes

=0 drums per annum e

‘Table 4 - Accumulated NORM in Drums, Tubula.rs Ves-

sels Process Equipment, ponds and on Sites is summarized -
_in Table 4. The questionnaire replies and the multipliers: -

developed in Table 2 were used to prorate the reply data to

- represent 100 percent of each region except Region 4, which

was calculated as above. Table 4 summarizes the total accu-

- mulated NORM from all sources calculated from the rephes '
- and representing the total mdustry :
survey Iocattons were selected to maximize the chance of
finding the existence of NORM; hence, their preliminary
- detection frequency (23 percent) is not thought to be repre-

Region4isa calculated value for a 15-year 'accumulation :
based on the annual value calculated in Table 3

The minimum annual NORM generation rate of 142,390

- drums was derived from the reported data. The reported

- NORM accumulations prorated to represent all the domestic )
* oil and gas condensate production totals 10,056,597 drums

from the domestic U.S. oil and gas production. :
- Table 5 - NORM Quantities by Specific Activity forEach

- Region uses the graph in Figure 2 together with the total

accumulated NORM in Table 4 to calculate the actual nums-

-berof drums in each specific activity range.

Fxgure 2 shows that 92 percent of all NORM is less than
200 plcoCunes/gram and 7 percent is greater than 200 but

- less than 2000 plcoCunes/gram Applying these percentages
- to the accumulated NORM per region from Table 4 gives
the number of drums in each band of specific activity. These

numbers will be used to calculate the minimum average and

‘- maximum average cost of disposal per drum, mcludlng a
\ .transportauon ‘

 The bands of specxﬁc activity were chosen because of the
limits set on some of the disposal facilities. Disposal opuons
2 and 4 could (at the date of the survey-1993) accept

- NORM with a radium concentration up to 2, 000 picoCi/
-gram. Dlsposal option 3 could accept NORM thh a radlum‘

content up to 200 p1coC1/gram
The bands chosen for costing are:
0to< 200 picoCi/gram ‘
ouer 200 < 2,000 picoCi/grant o
52000 picoCi/gram e

e

: ,Regton 10000 12

4. s Total -

Replies, drums - 1,902,199.0

©128,846.0
(Appendix C) : :
: Mulupherlo represent - S e
100 percent pmductxon ) 23 S 48
(Table 2) : S :
9,130,055.0.

100 pcment of region - 296 346 0

.- "Prorated to 100 pcrcent of each regron

61,693.0

468.867.0

10,6400+ 1 11,229.0 .159,388.0

T e

" 159,600.0 12290 100565970

Note: Ca]culatcd value based on the average NORM drums produced pcr million bpd per regwn
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 Table 5—NORM Specific Activity Distribution by Region

<200 pCi/g . o

, ‘ “>200<2000pC1/g e >2,000pCilg
(92%) o % ; (<1%)

: Region ' ~‘Number of Drums G b , : o ; 'l'otal' >
1. Gulf Coast 128846 7] G 294 296,346
2. Mid-Continent 8,217,499 : 821750 © 91306 9,130,555

~3.. Rocky Mountain 421.980 e 42,198 : : - 4,689 468,867
4. California 372,978 SR 37,298 S 4144 , 414,420
5. Alaska T 1,106 : ooy ~ 2 S 1229
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SECTION 3—NORM DISPOSAL OPTIONS AVAILABLE

Tobe mcluded as an avaﬂable opuon ‘each alternatxve had = -

to be reported in the questionnaire replies, together with
actual cost data, or had to have a market price schedule and

_ existing organization that could accept NORM in drums for
legal permanent dxsposal in 2 manner approved by regulation.’

Where appropnaie had to have a permit for each facxhty

Addluonal options for NORM drum dlsposal have been'

reported, but without firm cost data and shipping directions

they could not be included in this disposal cost study. Table
6 summarizes the real available disposal options for NORM.
- All NORM disposal opuons reqmre permmxng to meet reg- -

: ulatory approval

31 BURIAL SITES

All placement and burial sxtes will have 10, 000 -year per-

_petual care funds along with a detailed record of all parties
supplying NORM materials for burial. Should future regula-
tory changes dictate reopening of the site and remediation
of the NORM with costs in excess of the perpetual care

fund, then site users could face a share of the cost should the k

government of the day be unprepared or incapable of meet-

ing the cost. Hence, use of a placement and burial site may. -

‘ have some future unquanuﬁable ﬁnancxal risk. Indmdual

snes have detailed acceptance criteria. Only specxﬁc acuvny ~

: lumtatmns were con51dered in this study.

3.2 SURFACE TREATMENT ’
A dllut10n and n'uxmg of low level NORM less than 200

- pCi/g with land spreading is available to reduce the NORM
- concentration below the levels of regulatory concerns of 5

pCi/g. This service would require large areas of land, ‘quan-

 tities of material free from NORM, and other organic mate-
“ rial to treat the quantmes of accumulated NORM. That is to
* reduce 1,000,000 drums of NORM with an average specific

activity of 50 pr/g to less than 5 pCi/g would require more

~-than 10,000, 000 barrels of matenal with No NORM compo-
- nent. .

3. 3" COMMERCIAL DEEP WELL INJECTION

The processmg dilution and deep well lnjCCthl’l of

- NORM offers a reusable well and facility that could provlde
-a cost-effecuve NORM disposal option. At this time, an

acceptance limit of 2,000 pCi/g maximum is in effect. The 4
injected NORM would be permanently placed and, pro-
vided geological factors were taken into account and the

- facilities operated in accordance with the regulations, this
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 Table 6—Disposal Costs Per Drum of Real Available Disposal opﬁons For NORM

R ; Disposal Cost Range
~Options Type Radium Acceptance Per Drum (55 Gallons)
Low : Avcrage g High
1. . Budal No limit on specific activity. 395 515 RIS N 730
‘ No limit on total activity. Includes; * ‘ ol
\ Lo : * . Disposal -
"= Transportation
- User fees S
* ' Perpetual care fees
2 . Burial 2,000 pCi/g or less. 300 : 500 700
: No limit on total activity. Addmonal costs: i . o
e » .- Radiochemical analysis
~'* Physical properties check
*. Transportation
* . -Waste profile
. Tmnspon vehicle decon.
3 Treatment Dilution 200 pClIg or less, 100 210 : 325
: NOW (Nonhazardous ; No limit on total actmty Additional costs: :
Qilfield Waste) : <+~ Transport. -
: : * . Physical properties check
: ‘s Chemical analysis -~
¢+ “EPA/DOT NOW analysis
* . Packing
*.. Radiochemical analysis
4 .. Injection Class II 2,000 pCi/g or fess : 49 S0 R 1000 -
- well after dilution . " “No limit on total activity. Additional costs: : § o
SR : o = Transport -
* - Physical check
~+"« Chemical analysis
“» -.Radiochemical analyms
SR , i *  Packing L
5 .~ Recycle to China 'No limits. No cost, Stecl pm'chase value pays for transpon to pon FO B.
7 . Encapsulation in tubulars -~ "No limits. 792 - 1 081 - S 3,333,
in plug and abandoned BE Al mcluswe costs from actual n:pom for oil and gas costs.
- wells S
8,9 - Injection, Class HWdlS.\’vdl ;7 No imits. 151 916
‘ : bores, and geologxcal ) All inclusivc costs from actual reports for oil and gas costs.
formanons : ' ‘ e S

Note: Mlmmumﬁgure forecast to reduce with mnn: compcutxvc services and reusable i m)ecuon well s . e SR et

opuon could provxde a Iocal dxsposal service throughout the

- oil and gas producing states at a reasonable cost. One com- -

mercial injection facility is already in operation, with others

. likely - to be perrmtted based on geographlcal den51ty of
demand

3. 4 RECYCLING OF STEEL

The purchase of NORM contaminated steel for process-k

"mg and recycling in China represents the most cost effective
method to dispose of - scrap NORM contaminated steel.
However, the environmental controls and the NORM safe

work practices at the steel furnaces in China are unknown.

While the recycling of high grade NORM ‘contaminated

- scrap ‘steel is an excellent objective, it represents a poten-

tially significant future liability to users of the service unless

i

strict proccdures are used and enforced to protect personnel
~and the environment from contamination by NORM.

“The U.S. steel recycling industry uses highly detalled

procedures and sensitive inspection equipment to prevent

the accidental smeltmg of NORM-contaminated steel. Cur-
rent research work into smelting NORM-contaminated steel
will help with the development of procedures to enable the

safe recychng of NORM contanunated steel in the U.S.

35 NORM HECYCL]NG INTO SHIELDING BHICKS

A recent industry-wide solicitation was received for the

;shxpment of NORM waste to Russia. The proposed service

would provide for the reprocessing of NORM into a brick-
like form. The bricks would then be placed into the

‘ entombed reactor at Chernobyl where they would become
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»part of the proposed managed perpetual care fund for
200, 000 years. While this technically feasible disposal -
option awaits detailed costs and claims regulatory approval,
At is suggested that an independent risk assessment should
~ be undertaken to determine if other financial, political, and .

operauonal factors would attach to. the use of tlus service.

36 PLUG AND ABANDONMENT OF WELLS
~ INJECTION, AND ENCAPSULATION :

Oilfield operatxons have developed a number of new:tech--
niques based on the disposal of NORM into well bores and” -
geological formations (now bemg abandoned and plugged

_with cement). The NORM disposal may be encapsulated in

~ steel tubulars that are placed into the well bore or mixed as a
NORM fluid slurry which is then injected into the well bore
orinto the geologlcal formatxon The i mjectmn pressure may

) be sufficiently high to fracture the formation rock and allow

very large quantities of NORM to be injected. All plug and
abandonment operations with or without NORM disposal
are covered by detailed regulatory approval procedures. All
states require reporting of the NORM disposal operations.

~There are no geographical lirrutatmhs to oilfield opera-

tions disposal, provided the appropriate. geologrcal forma-

~ tions are available and the regulations are in effect to permit

plug and abandonment disposal. All states with oil and gas '

condensate production a]ready have these regulatrons in -
place

One commercxal prOJect was reported covenng the pro- :

cess and injection disposal of NORM into a Class I well
“which contmues m use for other non-NORM Class II mate-

rials.

SECTION 4—COST ESTIMATES FOR EACH DISPOSAL OPTION

The basic costs for each of the nine dlsposal optxons weref :
. obtained from the quest1onna1re replies, or from’ the pub- .
lished price schedules of the commercial facilities, or from

“telephone inquiries where no published price list was avail-

able for a permitted service. All cost data are indicative only, "
since volume discounts are an acknowledged feature of the waste

‘ disposal industry where competing services are available.

- Since the questionnaire data is compiled into five regions

and the disposal opuons are also geographacally distributed
- throughout the lower 48 states, a transport cost matrix was

- developed to estimate the cost of transport_mg a full load of

80 drums of NORM from each region to each fixed disposal k
- site. Transport estimates (Appendix D) are based on_full

load, exclusive use, or single load estimates and do not
- reflect bulk discounts or alternative transport opuons such
as bulk rarl shrprnent

4.1 DISPOSAL OPTIONS REVIEW

411 C‘ommerc:al Burlal' ,

‘Permitted low-level ,radioactivewburial sites may be pri-
vate or publicly owned and operated. For oilfield NORM,
‘the site must have a permanent care fund to provide for

- inspection, care, and maintenance of the site for 10,000

~ years. This is approximately seven times the 1,620 year
. half-life of radium 226, which is the longest half- hfe isotope
found in NORM produced with Oll and gas. :

‘The NORM sent to burial sites is carefully charactenzed ,

for isotope content, chemical composition free of moisture
content, and physical characteristics. All companies using

. the site will receive a certificate of disposal acknowledging

- the placement of their waste into the facility. _

. Slte acceptance crrterra may mclude limits on the follow- .

ing: -

a. Isotope type and concentratxon (for example one srte up
to 2,000 pCi/g radium 226; ; one site with no hnut on concen-

- tration of radium 228)

b. Chemical composmon

_¢. Physical form

d. Free liquid content .
e. Annual quantities from a smgle generator
f. Total quantities per year

g: Classes of hazardous materials

, ;h State NORM site use permit -
i. Package in approved container-or bulk shrprnent

Federally permitted facilities allow for the transfer of title
(ownership) of NORM material when it meets the accep-
tance criteria and is accepted for burial. Title ownership

transfers to the federal government and all future site man-

agement costs are expected-to be met from the pcrpetual ;

* - care fund established during the site operation.

4. 12 Treatment dilution for NORM matenals is per-
mitted by the state of Louisiana. Input materials are limited

10 200.pCi/g of total radium. Nonhazardous Oilfield Waste

(NOW) mixed with NORM waste is treated by mixing both

with clean matenal until the specific activity is less than 5 -

- pCi/g total radium. The diluted material is then released as
~ an unregulated material that may be. reused or drsposed of in a

- permitted landfill, dependmg on other non-NORM cntena.

Since 90 percent of the NORM is less than 100 pCi/g, this

 disposal option could accept the bulk of all NORM pro-

~ duced. Treated NORM that is less than 5 pCi/g radrum is
-~ below regulatory concern; it is no longer considered tobea
, radxoacuve matenal The volume of clean matenals to dilute
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the 10 million drums of NORM to lcss than lOO pCr/g
. would be very large. :

" The treatment site has dramage for leachate collection

“and deep well dlsposal into permitted Class T wells. The
_permitting of the disposal wells provides for a performance
~bond to cover the cost of injection well closure and aban-
" donment. This process- has been completed in many other -

Class II wells over the years and is well proven. Similar

_acceptance criteria as those for burial may be required and -
_should be obtained from the facxhty operator.

4.1.3 Injection disposal is a recent addition to the
- range of disposal options for NORM. This service combines i
the dilution' treatment of a non-hazardous oilfield waste

(NOW) material and NORM and provrdes dxsposal rnto a

Class I i 1n_|ectlon well

- NORM up to 2,000 pCr/g will be accepted for dilution to

30 pCi/g. The processed fluid will be hydrated and have vis-

cosifiers added to suspend the NORM for injection into the

" Class IT.well. The NORM fluids will be injected into deep
~geological formations below the underground sources of
~ drinking water. Through the dilution step, the. NORM is
. reduced to and is mamfested as a NOW material. :

/' Acceptance. criteria’ similar to that for ‘burial may be:'
. Tequired. The actual cntena should be obtamed from the
2 fac111ty Operator. - ,

. m4 1.4 Recycllng of NORM- contammated steel produc-

" tion equipment Tepresents a maximum of 10 percent of the
~ total NORM volume produced. Since thrs option provides.
for the purchase of NORM-contaminated steel by the recy-
~cler, the small income may cover the transport costs to the
‘extent that shipping provides a zero cost disposal for

NORM-contaminated production equipment.-

There is no information available on the protection of the
workers or the environment at the recycleris facrhty While

k ~the recycling of materials is promoted by . international -
agreements, possible future liabilities should be considered.

Title transfer occurs on receipt for shipment. Even where no
ccompliance requirements exist, there may still be a signifi-

~ cant liability to protect workers and the environment.
, 'Acceptance criteria are believed to include the supply of -
o components as sealed units to contain all NORM. Minimal

or no fluid content is acceptable. There are no limits to dose ~
. -rates, total activity, or® quanuty of materials.

41.5 Encapsulatlon Recycling and Long-Term
~ Storage in Russia. NORM/NOW waste materials will be
* recycled into building bricks to be placed on or near the
Chemobyl permanent care site as shielding material. The
first shipment has been initiated to Russia and no problems

have been encountered to date. .

Transfer of title to the waste occurs on its, acceptance for

shipment and in compliance with the shipping manifest.

The acceptance cntena does not lmut the specific activity

- or total activity provrded the material meets the EPA/DOT

definition of NOW waste. The limit is 10 percent on free lig-

uids. Packaging of NORM in 55 gallon drums to DOT 17E

‘or 17H or other acceptable container is requrred Contami-
nated steel is also accepted.

3.1.6 Well Bore Encapsulatton in all wells being

plugged and abandoned is another disposal option. The .
NORM is sealed inside tubular goods that are then inserted
into the well bore; a cement plug is poured on top of them. "
The well is then cut off below ground level and abandoned.

There are no limits to total specific actmty or quanuty

This technique has been proven over many years of use.

 The limited volume in each well bore along with the dou—
ble handling of the tubular goods used for encapsulatron -
makes this option an expcnswe a]tematlve

 41.7 Injection Into Well Bore Geological Formation
- may be undertaken either in assocxauon with the plug and

abandonment of any well or into a Class II well with su1t- '

‘able geology perxmtted for this activity.

 Injection pressures may be less than the pressure needed k
to fracture the geological formation or over pressure where
hydraulic fracture will break open and maintain mJectron
fractures through the geological formatmns '

' Acceptance criteria need to consider the NORM parttcle

. size and fluid rheology for compatibility with the geological

formatron There are no limits to the total specific activity or

quanttty of NORM that can be m_]ected when over pressure
m_]ectton is used. »

‘ 42 COST ESTIMATES

Table 6. discusses t.he disposal costs (per/drum) of real
available disposal options for NORM. The disposal cost

_data was obtained from the available pubhshecl rate sheets

for services currently available. -
The reported actual costs (per/drum) of real available dis-

- posal options for\ NORM in Table 6 lists- the NORM dis-

posal options for which disposal cost information was

~ available in 1993. The commercial options 1 through 6 are
‘summarized by locations; radium acceptance criteria, where
~required; and a range of disposal costs per drum with mini-

mum, average, and maxxmum costs.

~All dxsposal options have additional acceptance criteria

ﬂ whrch in some cases may require the following:

a Radiochemical analysis ($100 to $500 per sample)

b. Chemical metals analysis ($250 to $500 per sample)

c. Prctreatment washmg volume reduction ($10 to $25 per :
drum) ’

‘d. Permitting mamfestmg k
. Generator administration costs -
- f. Non-NORM waste disposal.costs -
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The extra cost of these analyses and tlus processmg could

increase the total disposal cost per drum to equal or consxd-' -

g ,erably exceed the average cost per drum.

- Disposal options 7, 8, and 9 for the plug and abandon-
- ment of wells reflect the actual experience of the oil indus-
~try while chsposmg of NORM through the placement of
NORM into wells either encapsulated in tubular pipes or

injected as a slurry into the well bore (and sometimes the

- geological formations). These options are more fully dis-

~cussed in Sections 2 and 6. Inclusion of a real cost disposal =
- option does not imply its a.cceptablhty or actual recommen-'

- dation for use for disposal.

Table 7 - Average Accumulated NORM Drsposal Cost
Range by Specific Actmty by Reglon and U. S. Total Table

7 shows the minimum and the maximum average cost for
- transport plus disposal cost/drum for each region. The dis-
~ posal cost including transportation in cost per drum from

Appendix F is followed by the (disposal option number

: - from Table 6) for example, $212. (4) means that the ‘mini-

mum average cost of transport plus disposal is $21?Jdrum'

- for disposal Option 4 from Regron L.

~The number of drums are multiplied by the minimum
average cost and the maximum average cost per drum to get
the minimum average and the maximum average transport

-~ Plus disposal costs- per regron after takmg specrﬁc activity

mto account.

l

" Based on the actual reported costs and the accumulated

', Table 7-—Accumutated NORM Dlsposal Costs Denved Usmg the Mummum and Maxrmum Average Costs per Drum

7(0-200) : & 200 <2,000) (> 2.000) : i Total
S D EREE Avg : Avg Avg Avg </ Avg e Avg o ‘Drums
Speciﬁc Activity Region "~ “Min - - ‘Max . Min T “Max Min ; Max Min 0 Max
(Cost per Drum) (Dlsposal Opnon) ; 212(4) 1,081 () SI212(4) 1,081(7): 306 (6) - 1,081(7) T
Number of Drums : 272 638 20,744 R0 064 S 286,346
Costhrlllons e SRR Sl 1295 “4 : 22 1 o 3 63 0320
: (Costpchrum) (Dtsposal Opnon) 231 (4) 1,081 )] 2231 (4). 1,081 (7) - 320 (6) 1,081 (7) R
. Number of Drums - g 5 8 400,111 L 639,139 S 91,305 L -9,130,555 o
‘1. Cost in Millions - 1,940 \_/)9 080 148 . 691 29 99 2,117~ 9,870
k (Cost per.Drum) (Drsposal Optron) = :231(4) 1,081 (7) 2231(4) 21,081 (7) 320 (6) 1,081 (1) : o
Number of Drums L i 431,358 - 032,820 00 4,689 : 468,867 ,
. Costhxllrons PR 100 466 8 S 352 5 110 506. .
: (Cost per Drum) (Dtsposal Optton) 231 (4) 1,081 (7) = 231 (4) 1,081 (7) - 1,306 (6)+ 1,081 (7). : :
‘Number of Drums , 146,832 : 3 11,172 ) . 1,596 v 159,600
Cost in Millions LT : 34 159 3 : S b 1 " 2 38 .- 173
: (Cost perDrum) (Dlsposal Optxon) 346 (4) 1,081 (7) 246 (4) 1,081 (7). . :320(6) “1,081(7) o :
Number of Drums ; 1,131 FI 86 RN T2 1,229
) Costhﬂlrons ' ~2.20.391 : 1,222 00211 +.0.093 0.004 o 0.013° 1 )

Minimum - $ 2,329 Million
Maximum $10,871 Mtl.lxon

f NORM prorated to represent the entire U S oil and gas

tndustry and using the assumptions and calculations above,

the national cost impact of the implementation and enforce-

ment of NORM regulations as currently in force and pro-
posed on the oil and gas industry for transport and disposal

of accumulated NORM is approximately $2.3 billion to

$10.9 billion. This cost would be spread over a number of

- years (for example, 25 years at $92 to $436 mtlhon per :
~year).

Table 8 drscusses the Actual NORM Drsposal Average

Cost by Regxon The actual norm drsposal costs reported on

“Average Range of NORM Transport and Disposal for Region 1-5

Cost in Millions - $2,329 — $10871 -

- the survey as prevrously drscussed are for the hrgher specific |
~ activity NORM that represents 10 percent of total NORM
~over 100 pCi/g; the 1992 annual total is $7.12 million for all

five regions. This total is for transport and disposal only, and
it represents an average cost of $540 per drum. This total is

~-the reported minimum annual cost of NORM dtsposal for

1992

Table 9 dtscusses the Annual NORM Production Drsposal
Costs. Range. Using the prorated total annual NORM pro-
duction figures from Table 3 and the minimum average and
maxrmum average cost -figures ‘for transport and drsposal
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~ Table 8——Annual 1992 NORM Dlsposal Costs for NORM Over 100 pC|/g
: (10 Percent of Total—Average Cost by Region

Actual choned ;
" Annual Production “‘Actual Reported : e
e chion - Drums (10% of Total) - Average Cost per Drum . -+ Total Cost in Millions
1. Gulf Coast 9,444 539 5.1
2. Mid-Continent 1,762 545 0.96
3.  Rocky Mountain 1,216 543 0.66
4. California - = e
5. Alaska 753 552 04
- Totals. 13 064 Drums - ~$71.12 Mllhon

: Notc No rcported NORM dlsposal in Cahforma. o

* from Appendix F the annual NORM producnon dxsposal
cost range estimates in Table 9 were calculated. The mini-

mum average cost 1mpact is $40 million, and the maximum

; ,average cost unpact is:$227 rmlhon for the transport and
disposal of the annual productxon of NORM

i

Table 9—Annual NORM Drsposal Cost Range Using Mlnlmum and Maxrmum Average Costs per Drum

Maximum - $227 Million$

(0-200) - “(>200 < 2,000) > 2.000) Total
e o i 92% : : 7% . k 1% : ' Drums
Specific Activity Region ° ‘Min i Max “Min_ o Max o Min o Max . Min ‘Max
(Cos! pcr Drum) (Dlsposal Opnon) 212(4)- 1 081 7N 212(2) 1,081 (7). . 306 (6) . 1.0\81 .
" Number of Drums S 86,885 6,611 : 044 o 94,440

“.Cost m'MllhoAns : v,18.42\ . 93.92 1403/ 715 029.. -1.02 33. : 102’
(Cost per Drum) (Dlsposal Optron) 231 4) 21,081 (7) 74 (4) 3,333 (1) 15146) 3,333(D) g
Number of Drums : 16,210 11,233 ! 176 . 17,620 i
Cost in Millions - 374 0 17.52 10,09 - 411 0.06 70,20 4 ! 22
(Cost per Drum) (Drsposal Opnon) T4(4) 1 3,333.(T) 74 4) 3,333.(%) 151 (8) 3,333.(7)

“Number of Drums: : 11,187 : e L) | : st : 122 12,160
Cost in Millions - 83 37.29. 0.06. . 1.2.84 10.02 : -041 Lo e 37
(Cost per Drum) (Dlsposal Optxon) 74 (4) 3,333 (D) 14(4) - 3,333(7) 151(8) - 3,333(7) :

-:Number of Drums : 10,108 - = . 745 o L0106, : 10,640
Cost in Millions -0.75 s 33.69 : 0.06 - ’ e 2.48 =002, 0.35: 1 : 37

 (Cost per Drum) (Dzsposal Opuon), Coma@w. 333 89(4) 0 3333(N . 151(8) - 3333(]) S
Number of Drums S 6,928 527 AR b1 L 57530 1o
Cost in. Millions 1.51 L2309 0 0.05 Loerl7600000 0,01 : 025 1 25

: S Range of NORM Transport and Disposal for Regions -5 Cost in Millions

Minimum - $ ‘40 Million ~, i : e :

$40 5227
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SECTION 5—INDUSTRY WIDE DISPOSAL COST IMPACT

5.1 ACCUMULATED NORM

3 The volume of NORM accumulated and produced onan .
annual basis together with its transport and disposal costs

were derived from questionnaire responses representing 46
percent of the domestic U. S. oil, gas and gas condensate
, productton

- Some 10 million drums of accumulated NORM were pro-

duced by December 1993 in the oil and gas producing

states. The Region 1 Gulf .Coast states figure of 296,000

- drums would cost an average of $63 million to $320 rmlllon
to transport and dispose of to one or more of the nine real

disposal options available in 1993. These significant costs

do not include the costs to survey, sample, remediate, and -

~place the NORM into drums or containers ready for dis-

; posal The cost impact to develop, mplement, and manage
: programs for compliance with NORM regulations will rep--
resent an additional significant cost that could double the
real NORM transport and dlsposal costs documented in this

~ publication..

= Table 7 summarizes the cost 1mpact for transport and dis-

posal of accumulated NORM for the 5 specific regions.
With the addmon of the other costs. ‘mentioned above, it'is -
probable that the total costs to the oil and gas mdustry in

current dollars to implement NORM programs to meet pro-
posed and actual NORM regulations to remediate tubulars,

‘equipment, and sites, then to transport and dispose of the

accumulated NORM produced to the end of 1993, would be

-approximately $2.3 to $10.9 billion dollars. The lower fig-
ure is probably more realistic ‘due to the potential for vol-.

ume discounts on transport and disposal along with the
economics of scale represented by the large volume of 10
- million drums for which remediation may be requrred This

cost would be distributed over many years as producmg :

~ fields were shut down and abandoned

 Thelarge dxscrepancy among regions in the reported vol-
. umes of accumulated NORM versus their prOdUction vol-

ume can be partially accounted for by one or more of the :

followmg factors:

- a. The actual amount of NORM produced in each reglon

~ b. The age of the oil fields in each region. : ,

c. The duration and volume of the productive operations.

d. The productton technology for dealing with' produced

water and accompanying solids, for example, surface treat-

ment or re-injection.
e. The extent of NORM surveymg completed

f. The need for regulatory comphance and _accurate report-
ing. : :

1

52 ANNUAL NORM PRODUCTION ;

The survey replies provided the 1993 estimates of the’
annual NORM production rate.. The most. commonly used

'~ NORM survey criteria was the external dose rate of 50 '
' microR/h measured on the outside surface of the component

contarmng the NORM. As previously-discussed, this exter-

-nal dose rate indicates NORM specific activity greater than

100 pCi/g. Figure 2 illustrated that 90 percent of the NORM

~was less than 100 pCi/g; hence, the reported annual produc- '
tion rate, after correction for 100 percent production vol-

umes, is multiplied by 10 to compute the total annual

NORM production figure for all specific activities of

142,000 drums per year. Other studies argue [3] that this
annually produced volume esttmate of NORM is low by an
order of magmtude

By taking the minimum average cost d15posal options |

available to each region, the minimum total annual transpor-. -

tation and disposal cost from Table 9 is.. $40 million. A
- worst-case scenario using the maxrmum average NORM
~ transport and dxsposal costs results in-a maximum total -
" NORM drsposal cost of $227 million per year.

When tallying the addmonal costs of survey, samphng,
analysis, remediation, and containerization of the annual
NORM production, the minimum average NORM transport -
and disposal cost of $40 million could double to $80 mil-

~,hon

-5, 3 SUMMARY OF NORM TRANSPORT DIS-

POSAL COST IMPACT BY REGION

- -.*NOTE: The GulfCoast Region 1, has the ‘most widespread NORM regula-
- tions, , k t

Region . = - Accumulated Annual . ;
: 2 Minimum - Maximum - Minimum .~ Maximum
< Costin i : o Costin T
Millions : ' Millions
1 63 : 320000 33, 102
2 2,117 9870 4 L2200
3 110 506 s 41
4 38 e T3 1 31
5 1 ] 1 25
Total Cost $2, 329 $10871  sd0. '3227 ‘

‘In Mllhons

5.3.1 Regton 1—The Gulf ‘Coast data at the ume of

- the survey in 1992-93 is more reliable since it was derived.

from replies from companies representrng 44 percent of the
annual production of oil and ‘gas condensate in that reglon

‘In addition, NORM management and survey programs to s
- meet regulatory 1 requrrements in Louisiana, Mrssrssrppt and

Texas were being 1ntroduced at'that | tlme :

5. 3.2 Reglon 2—The ‘Mid Contment data figures
depict responses frorn companies representing 20 percent of -
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the total annual orl and. gas condensate producnon in that tinue to ensure that the volume of NORM produced is mini-

region. This data includes two reports of very large NORM mized. This means that other production factors such as

accumulations. One report covers accumulations of NORM increased water production, well corrosion, pressure loss,
- within produced water pits and ponds in a major production - and so on, control the need to repair producnon wells rather
 system; the other reports NORM sludge and site contamina- than deal with NORM scale formanon

tion. These two reports have been confirmed as representa-

tive of the historical NORM accumulaUOns over many years 5.4 CONCLUSION : , :

in this region. Appendix G shows the source of the majority

of NORM accumulated as coming from sludge located on * The actual cost to dispose of NORM from the USS. oil

sites or in'produced water ponds or pits. |  andgas md;.lstri'-y ;n t:xgg(_z} ‘1?(3: $7.12 tt_mlhon This data |
5.3.3 Region 3—The Rocky Mountain data repre- ;‘;alsnptg?:g d);' om the-u oasf information (Reglo?‘
- sents only 13 percent of the total producuon of this reglon : \
. and is also heavily biased by one report of NORM accumu- . The cost to the entire U.S. oil and gas mdustry to trans-
lations in surface pits. This reply was checked with the - port and dispose of the 142,000 drums of NORM pro-
, respondmg company and conﬁrmed to be accurate of their = duced annually based on current and proposed .
‘NORM accumulation expenence , ~ ; regulations is approximately $40 to $227 million per
5.3.4 Region 4—The California data did not report year. L o

*the detection of any NORM 1993. Surverys in 1995 by the
alirornia Department of Health Radiological Health Sec-
tion have detected NORM. The NORM estimates for both
‘accumulated NORM and the annual production were calcu-

diate the 10,000,000_drums of NQRM—
accumulated over many years of producnon is approxx-
mately $2.3 to $10.9 billion. = :

lated from the results reported for ‘Region 2 and corrected m‘zf?ac“h‘::;‘d“:;fg gxﬁpﬁﬂiﬁi g:;s m:“ﬂi:?x:bb:nﬁﬁ;f the:. o
for the differences in total producnon of oil and gas conden- :
sate between Regions 2 and 4. This assumption is thoughtto -~ * No questionnaire replies included NORM from gas pro- -

~ be reasonably consistent with early verbal reports of the ~ duction, although it is known to exrst and represents a
~state NORM survey results ; "+ potentially. sxgmﬁcam cost. : ;

5.3.5 Reglon 5—The Alaska data represents 100 per- e NORM is not PI'OdUCCd in every oil and gas. producmg
cent of the production and is highly reliable. Because the well in the U.S. The large variations in the occurrence
: Alaskan oil and gas production has re-mjected the produced  and production of NORM both in any one field and from
Ch ‘water since the start of operations, the majority of NORM field to field make it an issue that requires regulatlon by

has returned. Scale inhibitor management programs con- . : the mdlvrdual States.
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INTRODUCTION-—ASSUMPTIONS FOR DISPOSAL

ANALYSIS

7. 1. Each respondmg company surveyed all busmess units

wrthm their organization. "

2. The oil and gas condensate productlon figures from the :

“questionnaires sections 1.6.1 were cross-checked with the
Dwight Energydata Services, Inc.[7] computer database for
each region and the Dwight's figures were used in cases of
conflict. This method enabled more accurate production fig-

_ures to be derived for each reply. The Oil and Gas Journal
[5,61 darly oil and gas condensate production in 000 bpd .

~ from June 30, 1993, and December 31, 1993, were averaged

" to give the 1993 darly producuon ﬁgure used in t.hxs docu-
ment. ‘

3. Grouping replies into 5 regions of interest requrred some

revision of the oil and gas condensate production totals to

o reflect the reported percentages by region for eachreply.
4, Rephes 102, 120, and 148 (referenced in Appendlx C)

were not used to calculate disposal cost per drum in Appen-

dix F because of extraordinary uncontrollable costs associ-

ated with the disposal well problems.
: 5 Drums referenced are 55 gallons of 7.35 f13.

6. NORM volumes per tubular goods were calculated using

~a scale thickness of 0. 25 mches over the inner surface of
: each tubular good to give equ1valent drums ‘

7. Total accumulatrons of stored NORM were obtarned by o
: ’addmgsecuonslll+121+131+14l+15+171+ \
181 :

8. “p” and “A” means “plug and abandon"——thls is an orl- k
field term that means injecting concrete and taking : other

precautions required by regulanons to make a well safe for
abandonment.

9. Cost analysis secuons 3. 1in Appendrces A and B mdr-
cate: ,

a. Plug and abandonment of well wrth NORM mjected asa
fluid suspension. =

b. Plugand abandonment of well with NORM eneapsulated s ;
in sealed tubular goods and placed into the well. :
_ c. Plug and abandonment of well with NORM mjected asa

fluid suspension and the well i is held avallable for addmonal ’

- NORM disposal operations. o
‘d. Transport estimates based on 80 drums of NORM per
~ load for full load exclusive use vehicle. :

10. Annual reported NORM generatlon rate is based on 50 -
~ microR/h on the external surfaces of steel components. This

external dose rate represents a specific activity over 100 pic-

, oCunes/g Since only 10% of NORM reparted in the survey
- replies is over 100 pCi/g the annual figure must be multi-
- plied by 10 to get the true annual NORM production rate.
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“Comments: -~

- APPENDIX A—SAMPLE OF NORM DISPOSAL COST SURVEY QUESTIONNAIRE '
‘Company - e R Lo 2. _ 'Contact_Narrie :
Operating Area , DT SR L “Job Title
R : Phone ',
Section 1.0 NORM from Oil and Gas Production
Note: All dose rate read'xngs in niicroRern/h’r :
(mFUhr), includ"lng background)
1 1 Solid NORM Wastes in Stomge (Smle and Sludge from Qil and Gas Productlon
1.1.1 Sohd Wastes (smle sludges, etc) N ‘ JuhenoOther Sclid Wastes (please describe) o
, 600 drums ' ‘ : L ——  drums._
: : ‘Surface.. e
. : . Dose Rates ~(mB/mr)
Radium concentrations (pCi/gram) (if known) ; i D ST :
' %< 5 SR % : : 15 % (25-50)
5<%< 30 ' % : 8 % (50-100)
30 <% < 200 & % o 80 % (100-500)
200 <% < 1000 : % , g % (500-1000)
%>1000 ___ %o SRR -9 % (>1000)
1.1.2 ‘Approximate Geographic Distribution ‘ :
: . stae - Region(North N.South S.0CS/Ofishors O) Percent
S : S : LA-OCS/Offshore 490
Comments:
1 2 NORM Contammated Tubular Goods in storage (Tubulars Sucker F(ods, “low Lmes) ’
1.2.1 Total Length in Feet . ] SR ', 15000’34‘x00315dmmsflt-—14drums
Approxnmate Percentage DIStl‘lbUthn by Size = S e .
Lessthan2® 2 S : : S %
2.3 B , : 100 %
targerthan3" g ST i %
Radiufn concentrations (pCigram) (fknown) ~ : L Surface 4
G : Dose Rates (mR/Mr)
%< 5 _ , % Tl S % (25-50)
5<%< 30 __ : % e ‘ 50 % (50-100) -
30 <% < 200 L% , , 50 % (100-500)
200 <% <1000 % ‘ % (500-1000)
: %>1ooo _ , % - % (>1000)
122 Approxrmate Geographlc Dlstnbuhon 2
: Sta’(e L L , v it Hegioh (See section 1.1.2 P‘ercent'
LA : : g LAG 100
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APPENDIX A—CONTINUED

1.3, ' NORM. Contamlnated Stored Vessels, Tanks Treaters Etc (Out-of-Semce In storage)

1.'3.1 Approximate Number of ltems 'Separators : Treaters, o Tanks ~ Other  Estimated Total NOHM Volume
Lo S : ' i Sl : (After: dscontammanon)
o#  o# o# Clo# . o# ’ 0 drums.
S o e _Surlace (5
Radium Concentrations (pCi/gram) (if known) = - Dose Rates s (mRr)
%< 5 % % (25-50)
5<%< 30 % % (50-100)
30<%< 200 - % % (100-500)
200 <% <1000 S e % :{500-1000)
%'>‘1oo’o (s B % % (> 1000)
7 1.3.2 Approxnmate Geographlc Dlsmbuhon of the Contamlnated Equnpment
' State Reglon (See section 1 1.2) Percent
C°m,rnents: : None R A ‘ it : ' : : S
14 NORM Contammated Processmg Facxlmes Tank Batteries, Well Pads Est:mated Volume of
Contammated Soil (in Servnce and Out of Service on Location)
: 1 41 Eshmated Number of Facmhes Eshmated Total NORM Volume
' ‘ 30 3200 drums
Radium Concentrations Estimate (pCi/gram) - Surface :
AR : . S - Dose Rates (mFVhr)
%< 5 : % LB %(2550)
5<%< 30 80 G 20 % (50-100)
30<%< 200 20 o9 20 % (100-500)
200 <% <1000 5 % : % (500-1000)
% >.1000 ' S %

1% (>1000)
142 Approximate Geographic Distribution of Facilities

State Hegnon (See section 1.1 2) : . Percent
LA LA-G S 180
: ‘ LA-OCs/Offshore L 200
Commients: o L /
1 5 Eshmated total Numbe. of NORM Gontammated Iltemms Generated in 1992 - i ; S
: ‘Solid Wastes - s Tubing et Equnpmem Other Accumulations
.Esﬁmated:Total o 740drums ¢ ©:8,000 fest 4 number. —drums -

; o ' =749 drums :
Comments: :

L *Further destribed in the instr’uotiony letter. -
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. Comments:

APPENDIX A—CONTINUED
. : v 1992 SR 1993 (estimate)
1.8 :Waell Production Data Sl L S
: ~ Oilwells : Gaswells o Ollwells - Gaswells
161 Total Number of Weus ‘ e
- Number of wells i in produchon _ o
Total Annual production for: (state units used) AR I ‘ S
Oil L fi e ) e L
Water ) R R
Gas o L) SR
Condensate ()
162 Approximate Geographic Distribution : ST e
State L Reglon (See sechon1 1 2) : ; 7 Percent
LA  LA-G ' 28
LA ‘LA-OSC/Offshore . 7 75
Comments: ' k
B 17 Produced Water Ponds Plts Etc., (in Service) 1892
171 Number V : 3
Average Area (ﬁz) 25000
« Estimated Sludge Depth (ft) B
Average Years in Service 35
Average Inflow Bpd 25,000
. Percent Checked for NORM : 100 iR :
-.-Percent of Pits Checked Found with NORM 67% >5 pCiIgm but < 30 pCi/'gm,‘
[Estimated NORM Contents ; 0 i ‘
b Esumated Total Drums of NORM Contammated SOI| & Sludge : 0
: 172 Approxlmate Geogtaphxc Dlstnbutmn ST S : AU
, - State - Region (See section 1.1.2. o o Percent
LA - , LA-G e 2100
Comments: Above numbérs do not indude dm-of-sewice pits : .
1.7 P & A (Plug and Abandonment) Program 1992 ¢ ~ 1993 (estimate)
171 Numberof Wells P & A's | 4
' Number of Wells P & A'd with NORM Tubulars in Place , : ' S
Number of Wells P & A'd Used for Disposal of NORM Solids e AT
Number of Drums NORM Disposed by P & A i 1400
1.7.2 Approxlmate Geographic Distribution , o5 ; , SRR
State Region (See section 1.1.2) .. : ‘ Percent
LA S LA-G : 40
LA - LA-OCs/Offshore S 80
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’2.1.‘1' Lea;i—210 Scales and Sludge from Gas Processing G Other Solid Wastes (please des/crib'e)

..2.1.2 Approximate Geographic Distribution

APPENDIX A—CONTINUED

: ’Secnon 2.0 NORM From Gas Plant Operatxons

21 Solid NPRM Wastes in Slorage (Gas Processmg)

¥

drums ' L : = drums

k :-Lead-210 Co,ncenirétic;n (pCVGram) (if known)

%<t150 _ =%
%> 450 ot Y%

State Sl ' Reglon (North N. South . OCS/Ofishore o) Percent
LA ! S S : ‘ LA-G & LA-OCS/Offshore

Comments:k\ - N/A for this region.

22 NORM/Contaminafed Stored Vessels, Tanks, Equipment, Etc. (Out-of-Service, In Storage)

~22{1 Approxima‘te_Number:ofkItems ' ‘Pumps; = Fllter’s“ o Other i Tanks L Approximate Volume of NORM
#
Lead—210 Conceéntration (pCngam) (if known), : e - Average Interior Surfa;e :
; , ‘| ‘ . . Dose Rates L (mA/Mr) -
%< 5 ; % ‘ " % (25-50)
5<%< 30 . % s S : L% (50-100)

% (100-500)

2.1.2 Approximate Geographic Distribuﬁon‘

State b R Region (North N. South S. OCS/Offshore O) ~~ Percent

‘Comménts: i
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- APPENDIX A—CONTINUED

~ 2.3 NORM Contaminated Gas Processing Plants (In SeMca and Out-of-Service on Location)

231 Approximate Number of Facilities % Checkedfor NORM : Average Exterior Surface.
= SRR g : SN P LT : Dose Rates: :
o : sy : ~(mR/r)
% G : , % (25-50)
: ' % (50-100)
~ % (100-500).
% (> 500)
23.2 Approximate Geograhic Distribution . e : S
- State - ... .. Region (North N. South S. OCS/Offshore) - Percent
2.4 Estimated NORM (Lead-210) Contaminated ltems Generated in 1992
; ‘ Solid Wéstes‘ Piping - Equipment - . . Other Accumulations
EsﬁmétédTotal Drums V e :  Feet o S Number : . ‘ DrUms“

Comments: __ - ' L e A
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APPENDIX A—-CONTINUED

Section 3. 0 NOHM Dlsposal Job Prograrn Costs

3.1 Typical NORM Disposal Job -

Job Description:.  Dispose of NORM Slurry in P & A wells typical job

Duration: . 20 :,Days
NORM DiSposal:' 550 : Drums : State: : R \Flegion: -..0Cs
~ Breakdown of Services Included (V) (N)  ($0000) andlor  Costas Percent..
i S s S B S - of Total
DeconTubulars .- - S0 @
e Decon 'Equipment ‘ : @)
: ;Deconsne : ' o)y @ ' R
NORM Ttansportatlon i ‘ ~l(a) s ) S '
NORM Storage Company - e ()@ i :
Disposal Downhole P&A) @ () L &
stposal On Site : G () (@
Disposal Commercial sl ()@ e L
SampleAnalysis . @ () ShE :
- Oth’erAdd Description: ' ' S
“Rig Up Equipment @ (). L L
Sl ‘ O O . ‘
Total $ o 400%
32 NORM Program ‘Regulatory Training Activiﬁés
Per Annum 1891 ? 1892° e 1993 _ 35
Cornménté: i ' 1991 and 1992 NORM trammg was conducted in-house;” Not able to trace costs. 1993 fraining was conducted by

consultants

+- Note Please photocopy this sheet and complete one of each typical job. -
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APPENDIX B-—SAMPLES OF NORM DISPOSAL JOB/PROGRAM COSTS

Section 3.0 NORM Dlsposa! Job/Program Costs : 1 :
341 Typical NORM Disposal-Job

Job Description:

Duration: - g o . Days
- NORM Disposal: _ Drums  State:  Region:
. Breakdown of Semces lncluded M ™) (s0000)  andlor  Costas Percent
L ' S T S ~ ofTotal -
DeconTubulars FAERE A T ) () Ll e . oaas ;
Decon Equnpment ’ i : ) ) S Lo S0
DeconSite . 00 RGN
NORM Transportation (RN E R e
NORM Storage Company - () O e
Disposal Downhole(P&A) £ 00 .______ G
- Disposal On Site * e ( ) PR RN S SOA
Disposal Commermal o ' () ) S
‘Sample Analysns o ‘, o) () SRR TS Ll
: cher Add Description . i :
_ SENE) R
Total  § o O 100%
- 3.2 NORM Program Regulatory Training Activities
~ Per Annum 1991 o - 1992 ' T TRREER e (1= | -

: Comments: o

Note: Pleass photocopy this sheet and complete one of each typical job. -

w
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Section 3.0 NORM Disposal Job/Program Costs
31 Typical NORM Disposal Job -

VJob Descrip'ﬁpn:' . Sahd sludge génerated'o:ffshore processed for reuse as landfill cover.

~ APPENDIX B—CONTINUED

Duration: - S 1. L ‘Days

' 'Hegipﬁ :

NORM Disposal: 4 " Dums State: LA

~ Breakdown of Services Included . m (N)  ($0000) . andlor

Dec'cwnTub;'Jvlars o i ) "(ﬁ)'
: Decon Equ‘ipymént () @
’Dec{onSite: S (’) @
NORM Transportaton @ ‘(‘ ) .___9_@__
'NORM Storage Company 0@ '
Disposal Downhole (P&A) . () @
DisposalOnSite = ) @
Dispoéél Commercial S . () @
Sa'mplé,Analys/is & OO
 Other Add Description: g |

Now Land Spreading @ O 04675
GLIO N ) |

U Total $0.335 -

- 32 NORM Program Regulatory Training Activities

: _PerAhnumiQQL - e L1992 Lo

Comments: .-

Cost as Percent
of Total

.50
L850,

100

1993

100%

- Note: Please photocopy this sheet and compléte one of each typical job.
. : { ; .
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APPENDIX B—CONTINUED

Section 3.0 NORM Dispbsai Job/Program Cos{s ,

3.1 Typical NORM Disposal Job-

Job Description:  Shell production pad (i.e., Soil)

. Duraton: 41 ‘Days~

NORMDisposal: 215~ Drums  State: LA Regon

;Breakdown' bf Servjé:es Included : ' (Y)"‘(N) : (SOOOO)' " and/or ‘Cosytas Percent

‘ i ; , e -of Total
Decon Tubulars’ e () @ SR

Decon Equipment @ () 182500 Shi e
Decon Site S ) , (‘) ] '325;0/00 S i 50

' ‘NOHMTfansponaﬁon S o0y @ - |

: NOHM_StorageﬁConipany ) @ ‘

. Disposal Downhole (P&A) @ () 0000 15
Disposél OnSite ) () . [ '
Disposal Commercial = ot ‘ () @, S

: Sa'mpleAnéIysis‘ o G @) ; : 52,500 e Sl 8

i Other Add Deséripﬁon: S L ' : k

' Work Done in Remote Location . 0 ( ). () '

‘ ~HoUsinq, Per Diem : o (‘) ( )’

Total - $650,000

32 NORM Program Regulatory Training Activities

PerAnnum 1991 . 1992 L 1993

Ty

“Comments: -

- 100% -

Note:lPIease‘ photocopy this sheet and complete.one of each typical job.

2
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APPENDIX B—CONTINUED

 Section 3.0 NORM Disposal Job/Program Costs
3.1 Typical NORM Disposal Job o B S o SN

" Job Description: - Dispose of NORM slurry in P & A wells.

Typical job. -
Duration: 20 o ' Days -
NORMDisposal 550 Drums  Stae: . Region . ocs
s ,‘Breakdéwn of Services Included : oY) Ny ($0000) ~and/or Cdst as Percent
e i L i ; : BRI of Total -
Decon Tubulars o) o AQ) :
Decon Equipment Lo i (ﬁi () ‘., 60 S 215
Decon Site e e () @ i3 , '
* NORM Transportation | @ ) a0 o 1a8
NORM Storage Company : ( )‘ (ﬁ) : i k : .
Disposal Downhole (P & A) @ () 145 o 51.8 i
Disposal On Site ) @ '
Disposal Commercial b . () (@ .
Sample Analysis - o @ (y 10 36
Other Add Description: E ‘ b
Rig Up Equipment @ ) 25 3 : 89
-0
Total  S280 - 1000 ' 100%
32 NORM Program Regulatory Training Activities
. PerAmumdoet 7 Mg ® 1993 35
Comments: 1991 and 1992 NORM training was conducted ‘in-house” Not able to trace costs. 1993 training was conducted

by consuitants ‘

Note: Please photocopy this sheet and complete.one of each typical job.

!
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, * APPENDIX B—CONTINUED |
‘Section 3.0 NORM Disposal Job/é;@gram Césts S .

3.1 Typical NORM Disposal Job

~Job Description; NORM scale/sludge disposal in P & A well.

, ,‘Dura‘t'ion: L 20 , lDays

NORM Disposal: - 400 Drums State: LA Region S s

Bréakdown of Servi‘c'e‘s lncluded ' ‘ (Y) (N‘) : ‘ -{$0000) k jk and/or . Costas Percent -
L S S : Ly R of Total
: Deqon Tubulars & o Sl ()o@ , : o .
. DeconEqupment @ () _ =2 . 43
‘De'con:Site' o : L) ( ) : ‘ - :
~ NORM Tr'ansportéﬁon' . k o @ () 10 o S 7
~ NORM Storage ‘Compahy L e () @ ___.___.__...__‘ S Gl -—-——-—__’ :
 Disposal Downhole (P& A) - ; (@) (' ) 1200 : o 80
DisposalOnSte () @ 5 L
Disposal Commercial () @
SampleAnaysis () @
: OltherfAdd Descriptionﬁ k .

. Total $150. -~ 100 100%

©:3.2. "NORM Program F{egulatorgl Training Activities

PerAnnumitgel - 1992 - 10,000 . 1993 40000

Comments:

Note: Please photocopy this sheet and complete one of each typicaél"]ob. e
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' 3.1 Typical NORM Disposal Job—1993

'APPENDIX B—CONTINUED

Section 3.0 NORM Disposal Job/Program Costs

Job Description: .- Decontamination of produotion equipnﬁent.‘encapéula'te in75/8 Casing, run into P-& A well.

Duration: el Days
NORM Disposal: 325 Drums State:  OCS Region s
Breakdown of Services Included M M (50000) andlor  Cost as Percent
ado ryces L e : S of Total
Decon Tubulars ) D) : L
- Decon Equipment @ () 2800 )
Decon Site. ) @ ‘ G j
- NORM Transportation - () @ Lo
NORM Storage Company O @ ; o
Disposal Downhole (P & A) @ () 15,500 :
Disposal On Site ()@ ‘ e
 Disposal Commercial () @ i
- Sample Analysis ()@ o
Other Ad_d Descﬁpﬁon: i i i
Encapsulate @ () 7,500 S
RO () () ' G
. Total  $25800 2 100%
3.2 NO&M Preram Regulatory Training Activities
Per Annum 1991 - 1992 - 1993 $5,000

Comments: - These are actual cost for disposal job in 1993

: Note: Pleése photocopy this sheet and complete oné of each typical job,
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‘

3.1 Typical NORM Disposal Job—19892

~ APPENDIX B—CONTINUED

~ Section 3.0 NORM Disposal Job/Program Costs |

Joyb‘Descripti‘bny: Decontamination of production éqdipment, slurry' and purhp dbwh of NORM into P & A well.

Duration; -~ S 15

NORM Disposal: - 36 Drums =
Breakdown of Services Included MmN
- Decon Tubulars (@ () :

‘Decon Equipment @ ()
- Decon Site - ’ () @
NORM Transportation @ ()
‘NORM Storage Company ' () )
'Disposal Downhole (P & A) @ ()
* Disposal On Site - : () @

. Disposal Commercial - (). @
Sample Analysis - () @
OtheriAdd Descﬁpﬁon: o o

() ()
00
, Total
3.2 NORMFrogramkH'eguIatoryTrainihg Acﬁviﬁes :
- Per-Annum 1991 .

Days

1992 -

 State:

100%

0Cs - Region
($0000) and/or - Cost as Percent
: : : : - of Total
© 4,200 5 3.9
19,300 18.0
4200 38
79,300 74.2
$107,000 SR
-$5,000 <+ 219983 ’

o Comménts: This is the actual job done in 1992. The slurry and pump was peﬁoméd on the offshore platiorm.

~- " Note: Pleass photocopy this sheet and complete one of each typucal job.
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~ APPENDIX C—NORM DISPOSAL COST STUDY QUESTIONNAIRE REPLIES REGION 1

| Section/Sub V111 VLL1

V121 1121 1131 V131 U141 1141 115 Ulel  wis1 | 171
L Tubular ; 28 v 1992 i
‘Reply Avg uR/h - Drums-  Avg uR/h * Estimate Avg uR/h - Facilities/. “Avg uR/h - Forecast - Oil Prod . Condensate :
*:“Reference.  Drums Dose Rates. Equiv: ' Dose Rates Dmms ~Dose Rates . Drums . Dose Ralcs Drums 000 BPD: - 000 BPD Pits/Drums
101 10 100 22 50 3 30 0 0 T I F " 070
102 0 o 0 o o0 o 0 0 0 20 1 0/0
2 0 0 0 0 0 0 0 % R o0
103 315 100 0 0 100 100 41000 100 270 5 8 ey
105 600 50 0 0 0 0 11000 200 300 g 3 o
107 No  Dam 0 00 0 0 0 0 ) 0 000
110 No  Data 0 o o o o 0 0 0 0 o
2 800 500 14 250 0 0. 3220 50 750 20 15 3
i3 /10 0 ) 0 0 21010 i T 070
14  No  Daa 0 o 0 o0 o 0 0o o 0o 0/0
115 153 100 19 50 10 50 7100 50 | 196 44 0o oo
116 No Daa 0 0 S0 e g o 0 o 0 .o
17 13 250 1 100 2 50 14/88 10 15 2 1 30
118 3200 50 510 50 % G000 500 04 3 0 00
119 7000 500 0 0 0 0 445000 500 1000 71 1 0/0
12 o 0 8 0 o 0o o o o 3 1 0/0
T1200  Cost Dam g 0 0 0 0 0 0 0 0 00
120 Cost  Dam 5 0 0 0 0 0 ) R [R
BV o S S S W 0 0 00 0 TR
21 % 100 0 50 ) 0 300 25 0 3 T T
124 32 1000 5 00 41 250 1800 250 313 2 00
124 Cot Dam 0 0 0 0 0 0 ) 0 ) 070
124 Cot  Dam 0 0 N 0 0 0 R 010
129 3 750 0 0 0 0 0 KR 0 1 T 00
130 No  Daa 0 0 0. 0 R 0 i) 0 00
136 580 250 188 500 150 250 150150 250 283 73 6 000
140 40 230 0 00 0 17550, 100 100 19 3 00
140 Cost  Dam 0 00 G 00 0 P ) ) 00
Ty T 500 iR 0 R W0 250 3 3 12 )
42 4 50 o o 2 100 24 100 a4 7 2 o0
146 530 250 234 . 100 . 400 100 80008000 100 143 a3 16 70012000
@ 3 750 7 0 4 250 &40 250 36 5 7 0
147 Cost * Dam 0 ¥ 0 0 0 0 0 B 070
W 0 0 0 0 ) OSSR 0 S T 00
14 B 50 a1 S0 0 B 0 R 300 147 3 00
Totals 13,280 CoL181 859 8,300/94,630 4106 655, 116 706/12,000
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APPENDIX C—CONTINUED
Section/Sub 1/71.8.1 - 21231 2/2.4 331 330 3301000332 A : B
: Sl s : Training = Calculated - : o Total
Reply " P & A Wells - Checked # 'Estimate ' Summary : Cost -+, (0008) " Cost ' “Accumulated Drums
~Reference ~Well Drums - Facilities Dr'ums‘ Description - Drums - (0008} 91:92 93 “perDrum = = . S Drums
101 ~65/40 1 0 0 0 0 5°5 5 0 123
102 - 0/0 0 0 P&A 722730 s -1 15,000 * ‘Blending 0
S : ‘Injection = L : : ' Problems:
©-102 0/0 0 0 ‘Land 702 2000040 167 - : Q.
~:103 182 0 0 P&A(1) 215 1027000 474 Sl ; 1,687
T105 3600, 0 0 P&A() 900 1600 0 3 3 1700 , 1901
: Ll e Injection L : S e
107 : 0/0 -0 0+~ NoData 0 0000200 Qi 0
1o oo 0 0 NoDaa 0 0 000 0 : S
112 17/1,400 0 00 P&A(N) 550...--280 0035 ..509 T 5964
~ f ’ .  Injection B : T , sl
113 00, 0 0 NoData 0 0 o0 0 2 0. o 98
14 00 0’ 0 NoDaa 0 0 1.2 2 0 : 580
115 00 0 0 'NoDaa 0 0 0 0.0 0 = o
116 © 000 0. 0 ‘NoData .- 0 0 000 0 S : : =0
117 0/0 0 0 P&APipe(2) i ! : S S ;
. : Encapsulate 13 10 -0 -0 1 792 - : . : 97
118 - 0 0/0 <0 0 Nodata 0 20 0700 ‘0 : Gn7,685
119 s 21300 -0 0 “NoData - 0 =0 0.:10.10 0 R : 13,800
12000 0/0 0 0 P&A 8 2160 :070 70+ 20,000 ¢ Junk in Hole 8
AR “-Encapsulate S 5 ; _>No Cleaning
120 /0 0 0 P&A 8 10 0::0 -0 1,250. “No Tubular 8
o g i Encapsulated - | e S - Cleaning L
120 00 0 0 P&A(@) 37 31 0 0 0 88  NoTwuar 37
: . " /Encapsulate : : i " “Cleaning :
1120 000 0 0 P&A@) 620 00 03333 “"NoTubular. 6
i B : . Encapsulate . (i L . : Cleaning SR
121 22 0 0 P&A(D) 9 4 0 2 2 I8 S ; 192
124 7 00 0 .7 0. Cuotting 5 20 00 0 e Sz
g : . i Box : i : ~ ; ‘
124 w00 0 0 NORM. .23 o000 70 I - o o 0
R : : - Transfer - : : ) ORI Ll . S
124 00000 0 0 = SITE w0 2 0.7°0.:0 0 A S 0.
: : - Cleanup - : : . s R
129 0/0 0 0 Decon 75 16 0.0 10 i R 4.
“Tubulars = : : L S
130 00 - 0 0 No Data 0 0000 0 k : BV E
136 11/1,000 0 O P&A(1) 400 150 0 10 40 375 i 1350
R = , S - Injection ot : G = ; ‘ S
140 .- 200 : 0 0 P&A() 100 200710206 2,000 : +.-190
; o : Injection : i . : ;
T140 0/0 0 0 P&A() 158 19 0 0 0 1260 : 0
: L : - Injection : L : : ’ ]
141 00 0 0 NobDam 0 O0 5 12 0 38
14200 1 0 Survey 0 1 00 0" 0 ' 14
146 :5/400 27 3 P&A(l) 80 32:.15.410.°5 400 (R ! ‘ k 93,710
: : : ““Wellbore " B S Lo
147 3/62 0 0 P&A(D) 38 84 .70 \5 072,300 i 152
i ~ - Injection S ‘h ' ' :
147 0/0 0 0 P&A(Q) 26 026 0.0, 51,000 s F : )
= ’ : . : Encapsulate : : ; ) . :
148 0/0 - 0 0 P&A 1 20 0. 0.0 20,000 i -e, . No Cleaning 0.
i Encapsulate RPN R S Downhole Item
149 /0 0 0 . P&A() .- 615 220 0220 357 L 1,078
Totals - "~ 109/3,808 29 o 3 : 3,280 3,210 -22 =52 119 71,906 * " ‘Average 128,849

16,908 - 1056.6 $/Drum
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~ APPENDIX C—CONTINUED

SectionSub /1.1  VL11 1121 1121 V131 1131 U141l 1141 VLS 1161 VL6l V171
S B Tubular 0 PR : L1992 S . o
‘Reply Avg uR/h ' 'Drums -~ Avg uR/h - Estimate . Avg uR/h.  Facilities/ ~Avg uR/h - Forecast - Oil Prod . Condensate S
" ‘Reference . Drums Dose Rates . Equiv  Dost Rates Drums ' Dose Rates - Drums Dose Rates .- Drums - 000 BPD .- 000 BPD .. Pits/Drums.. -
106 150 & 0 ®0 500 7IB6ITE 100 ) 000 00 00
109 0. 0 1w 1 100 43404 50 0 10 20 36526
111 1,712 500 50 500 125 500 00 - 0 258 8260 12 00
122 0 0 0 0 0 0 0o 0 03060 13 00
123 0 0 0 0 0., 0 00 0 0 3050 13 .00
125 5 . 250 13 50 0 0 6714 250 13 550 0.0 28/0
128 0 0 0 0 0 0 00 0 0 012 07 o
13320 2 1 100 10 100 o - 0 33 1660 32 00 °
137 0 2 0 0 0 0 60/1,800,000 500 0 2470 14 00
137 Cost _ Dam 0 0 0 0 0/0 0 0 000 00 0/0
139 242 100 25 250 7 250 197221 250 63 7500 23 115823
43 0 -0 0 0 0 0 110 0 0 1570 03 00
144 0 0 0 0 0 0 1/10 0 0 15.70 03 oo
145 100 0 0 0 0 0 0/0 0 0 960 . 00 0/0
Totals 12,094 : 185 1,097 162/1,897,133 367 30882 1385
Section/Sub  1/1.8.1 2231 224 331 331 331 332 A ; B
R S S g . y Training -+ Calculated : s Total L
Reply - " P& A Wells . Checked # - Estimate . * Summary : Cost .- -(0008) “Cost. Accumulated Drums
Reference Well/Drum§ jFaéilitigs Drums Dqscription‘ Drums . (0008) .-91::92::93 -~ $/Drum e Drums - -
06 o) 0 o0 ) 50 0 0. Abandoned 57.108
; 3 = i : : : ~Field S
109 0/0 0 0 0 00 0 0 0 0 R 7
340 0 0 0 0 0 0 00 0 2545
122 o0 0 0 % 0 0, 000 0 0
123 00 0 0 0 0 00 00 0 0
125 070 0 0 Build 710 0 0 0 0 725
i Storage o
128 ~0/0 0 0 0 0 0 000 0 0
B3 o0 ) 0 i) o0 0.0 0 0 &4
137 o0 0 0 Clean 550 25 0.0 0 ) “Many Similar 1,800,000
SO ] . Tank : ‘ LT “ Projects '
137 00 0 0 Clean 24 100 0 0 0 0 )
: ; : Tubing S - .
139 00 0 0 Clean 0 36 . 10 10 10 ) 1445
133 00 0 ) 0 0 0 00 0 0 5
a3 070 0 o 0 30 0 0 0 0 « 5
145 1100 ) 0 0 00 0 0 0 ) 200,
Totals " 407823 0 584 26 710 -10 - 10 1,902,199
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~ APPENDIX C—CONTINUED
el L ~ REGION3 L i :
SectioSub V111 VLL1 = 1121 1121 V131 1131 1141 V141 115 UL6l U161 V171
S , e ‘ Tubular : N e 1992 R 3 Lo
Reply . AvguR/h. ' Drums - Avg uR/h. Estimate. ‘Avg uR/  Facilities/ - Avg uR/h - Forecast. - Oil Prod Condensate * i
Reference . Drums Dose Rates - Equiv_ ' Dose Rates - Drums Daose Rates - Drums - Dose Rates .- Drums - -000 BPD . 000 BPD Pits/Drums
127 1 25 355 100 1 250 3 750 %6 36 02 120/60,000
TB1 0 5 0 0 00 w0 0 107 0.1 B
137 130 500 25 400 1,000 500 00 0 1H® 165 43 T 00
T Toms | 131 400 1001 BT 160 631 47
L REGION4 = : - :
104 0 0 0 0 0.0 710 100 0 40 03 00
138 0 o 0 0 0 0 o0 0 0 1080 00 30
T Totals . 0 0 ) ) 0 150 03
, REGION § : . ; ,
108 ) 300 45 100 0 0 w0 0 35 830 0.0 00
108 Cost  Dam 0 0 0 w8 000 00 00
T126 %7 50 40 20 1 50 ®0 0 7370 91 00 20
%1 1 2 w1 150 00 0 B0 820 00 o0
Total 368 106 2 n 7535 1,6241 00
o ; ' e REGION 3 S
| Section/Sub 1181 2231 224 331 331 331 32 . A B
: i ; L : Training = Calculated . “Total
= Reply P & A'Wells - Checked # Estimate - Summary - o Cost. 0 (0008) Cost Accumulated Drums
Reference - Well/Drums Facilities. - Drums - Description Drums‘ (000$) 191192 .93 ' $/Drum “‘Drums :
177 o0 Al " o0 00 0 Abandoned 60404
' Sy v : . Field L
31 070 o ) 0 0 0 0 0 S 0
137 070 o 0 0 00 0 0 0 1,289
Totals 00 0 0 0 0 o ) 61,693
, REGION4 -
104 00 0 0 0o 0 0 0 0 0 0
3§ W ) ) 0 00 SR 9 0
“Total 0 0 0 0 0 o 0 0 0 0
. - REGIONS
108 010 3 0 Procsss 350 181 0 0 517 433
) Injection - i :
108 00 0 0 0 . 00 0 0
176 0 S ) T 0 00 0 11450
153 o0 ) o 0 00 5150 360
TTotals 0 350 181 150

+:1,229.5
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APPENDIX D—-TRANSPORTATION COST MATRIX BY REGION
L TO PERMITTED DISPOSAL SITES ~

,Perumi“tlted Disposal chétion | | .
. 1 Richland  Washingon  Burial
2. ‘san'Lai;e“,.f, i Utah S Burial -
3 : :Lafa)"_et‘tev j o I;éuisiéna ‘(‘ G . - i - Treat Spread -
: 4 kPort’ArthL\r‘ E 'I"exa.‘s‘ e ' i g ‘I‘njkect’ion“
'5.’ ‘ Nearest , Mkajor‘Por’t QrHouslon)‘ : ;’ S ‘China‘Reclycle ’
6. ‘Nearest. - ', ‘ 'VMajor Port (oI' HquStbn) S oD ” . RvussiaEn‘qapsantion

789, LocalWell  NearestSuitableWell  Plug & Abandon or Injection.

~ Transport Cost Estimates per Drum

Region/Disposal Site ~ 1-A 2B 3B 4B 5B 6B . 7,894

25 , 6
20 - 10
6 25
R e L)
30 35

100 10

20 20

[V 0 VAN S
OO0 O
Ehbise
coooco

20 20

*A.Transport included in rates. . '
B. Volume on a full load and exclusive use truck.



ANORMDisposaLCosTSTUDY = 35

APPENDIX E—ACTUAL DISPOSAL COSTS (PERIDRUM) FOR PLUG AND
~ ABANDONMENT OF WELLS

All Cost Data From Hegion 1

o P& A Injection . -, P & A Encapsulation
Drums - -Cost Cost .. Drums . i :Cost i Cost
“"No. 2 ($000) ($000) No. " s (8000) (3000)
~215 £102.0 2o 474 13 ' 21103 k 792
900 1,600.0 1,700 8. : 10.0:. : 1250
550 200.0 509 37 : 2310 i 830 .
90 - 136 - 151 6. s 22000, : 3,333.
400 . 150.0 375 26 2600 1,000
100 200.0 2,000 S0 297.3 0 970
158~ 199.0 1,260 : B : o
80 :32.0 - 400
36 835 2,300
615 :220.0- 387 : . G
. Total '~ 3,144 2,880.0 916/Drum . 90 973 970
Maximum : S 2,300 Cost Per Drum Maximum - ' 2,300 Cost Per Drum
Average 916 Cost Per Drum : Average e e : 916 Cost Per Drum
Minimum 151 Cost Per Drum " Minimum i : e 70151 Cost Per Drum
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APPENDIX G—NORM PRODUCTION BY TYPE OF SOURCE

~Drams of NORM No. of Wells
w B © O
. B -Stored S G Sludge :
Reply No. Solids Tubulars -Equipment - and Sites 0il Gas
101 0 31 300 0 514 50
108 . ') 48 0 0 1,087 :
=109 - 0 11 B0 10 - 400 300
111 1,712 50 125 0 6,085 1,066
113 B 38 0 0 10. 15 -
118 153 120 10 100 855 514
117 B 13 1 2. =66 290 296
118 3,200 451 30 4,000 8,800 2,340
119 - 7,000 0 0 5,000 “823 334.
120 0 ‘41 0 0 42 41
121 90 -10 90 20 38 45
124 32 5 4] 0 245 155
125 5 13 BR) 714 1,620 -0
126 367 40 Y 0 320 13
127 Ry 375 15 DR 1,095 143
1337 20 0 10 - =0 9358 727
137 130 25 1,000 1,800,000 10,800 1,135
139 242 25 ST 221 6,844 994 ©
140 40 0 0 =50 361 461
141 27 0 20 10 2 52
142 4 0 2 4 75 23
145 - 100 0 0 Qo 519 1
146 530 234 - 400 - 80,000 2,100 900
147 3 7 4 350 70 189
149 R 43 441 0 0 1,070 384
Totals EE 2,383 1,928 1,818 1,890,221 44,740° 10,163
‘Percentage of . ; ‘ g . : = :
Total RS <1% <1% <1% 99.7%

A+B+C+D=1896350

i









