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1 0 EXECUTIVE SUMMARY 

As part of USAID's Environmental Assessment of the Armenlan Energy Sector, 
Dellvery Order No 22, an overall Work Plan was developed to conduct an 
envlronrnental assessment of the electrlcal energy productlon sector As such, a 
number of electrlcal energy product~on facllltles were selected to be assessed 
and were consldered as belng representatwe of the energy productlon sector 
That IS, operatlons of the assessed facllltles could be consldered slmllar to the 
day-to-day operatlons at facllltles that were not Included In thls assessment The 
facllltles that were vlslted as part of the envlronrnental assessment are Yerevan 
TPP, Yerevan HPP, Hrazdan TPP, Hrazdan HPP, Arzlnl HPP, Gumush HPP, the 
Abovlan Underground Natural Gas Storage Faclllty, and three sw~tchyard 
facllltles that are to be rehabllltated through a proposed World Bank loan The 
swltchyard facllltles are Zovuny, Marash, and Shaumlan-2 

Prellmlnary data gatherlng actlvltles were lnlt~ated through contacts and meetlngs 
wlth the World Bank and USAlD In Washington From the start ~t was evldent 
that there was llmlted exlstlng envlronrnental information available about 
Armenla In general and the energy productlon sector In particular Therefore, 
thls Report constitutes a flrst step In addressing exlstlng envlronrnental 
condltlons In Armenla and the related Impacts from the energy productlon sector 
on the environment and health of the Armenlan people 

lnltlal attempts at gatherlng baslc envlronrnental data were lnltlated In Armenla In 
October, 1996 As a result of several meetlngs wlth the Mlnlstry of Fuels and 
Energy and the Mlnlstry of Environment ~t became clear that exlstlng data related 
to general envlronrnental condltlons consisted of handwritten log sheets of data 
from amblent air monltorlng stations and references to water monltorlng statlons 
on the Hrazdan Rlver Numerous attempts were made to obtaln baslc data from 
responsible Armenlan government officials The resultant data provlded wlthln 
the Appendrces to thls Report IS reproduced as ~t was provlded to the authors 
and its corresponding accuracy and quality has not been determined Speclflc 
pollutant data presented wlthln the body of the Report for power facllltles 
represent not actual measurements, but calculated flgures based on the physlcal 
properties of fuel and the operating mode of the faclllty 

In llght of the above d~scuss~on, the assessment team was extremely Impressed 
with the level of cooperatlon and forthrightness of the representat~ves from the 
lndlv~dual facll~tles assessed Plant D~rectors and Chief Engineers at each of the 
productlon fac~lltles met wlth the assessment team and were instrumental In 
provld~ng lnformatlon regarding past and current practices at thelr respectwe 
facllltles 
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The electrlcal energy productlon sector 1s Indeed negatively lmpactlng the 
environment and health of the ArmenIan people The extent of thls sector's 
contrlbutlon to countrywide pollutlon levels cannot be accurately estimated at thls 
time However, exlstlng practlces occurring at the facllltles that are expected to 
adversely Impact air and water resources can be summarlzed as follows 

Air pollutlon control equipment IS absent at the thermal power plants 
(TPPs), 
Hydropower plants (HPPs) d~scharge untreated sewage, plant-derived 
washwater, and coollng water dlrectly to the associated water body, 
Treatment of wastewater discharges 1s llmlted to multl-level pH 
adjustment, 
OllNVater separation devlces are elther not prov~ded (HPPs) or are 
extremely lnefflclent and aged beyond thelr useful llfe (TPPs), 
Analytical data lndlcates that PCBs are present at all electrlcal energy 
productlon faclllties assessed based on llmlted sampllng at the TPPs 
and HPPs enumerated above In many cases, based on the orlglnal 
faclllty des~gn, spills or leaks of PCB-contaln~ng mater~als are discharged 
dlrectly to water bodles, 
Secondary containment and spill prevention measures were not 
implemented at any of the facllltles, 
Stormwater runoff measures are not In place to control d~scharge to 
nearby bodies of water, 
Controls and regulatlons are not In place for management of hazardous 
substances such as asbestos (especially evldent at TPPs), 
There was no knowledge of the presencelabsence of PCBs wlthln any 
of the facrllty's systems, 
Solld waste, hazardous waste, and/or contammated materlals orlglnatlng 
from the facllltles are elther burled or burned at the sltes, or are 
dlsposed of at a munlclpal dump No regulatlons regarding dlsposal of 
hazardous materlals were found 

The above bullet Items are discussed In detall In various Sectlons of thls Report 

A series of four Tables have been provlded In Sectlon 4 1 to prlorltlze the 
env~ronmental rlsks perceived from qualrtatlve Inputs based on observed 
practlces at the sltes In add~tlon, low cost management solut~ons to reduce 
potentlal env~ronmentally harmful pract~ces as well as physlcal Improvements of 
env~ronmental beneflt are presented In the Recommendat~ons Sectlon of thls 
report 
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2 0 OVERVIEW OF EXISTING CONDITIONS 

As a result of the Burns and Roe October, 1996, August and October, 1997 trlps 
to Armenla and a review of llmlted exlstlng documentatlon, there appear to be 
numerous deflclencles In the envlronrnental management of the Armenlan 
electrlcal energy production sector No reports on exlstlng or past envlronrnental 
practlces were available and no formalized data reporting sources were found 
The extent of the envlronrnental deflclencles will be enumerated In thls Report 
and will focus primarily on those env~ronmental elements that are most llkely to 
Impact the health and safety of the people of Armenla and sustainable 
development of the country The followlng sectlon provrdes a brlef overview of 
the exlstlng status of electrlcal productlon facllltles and envlronrnental conditions 
In the electrical energy productlon sector Subsequent sectrons wrll detall slte 
speclflc observations and recommendat~ons 
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2 1 FACILITIES 

Prellmlnary slte evaluatlons were performed In October, 1996 at several 
electrlcal productlon facllltles lncludlng Hrazdan TPP, Yerevan TPP, Yerevan 
HPP, Arzlnl HPP, and Gumush HPP The prellmlnary evaluatlons enabled Burns 
and Roe to develop the scope of work, establish a worklng relatlonshlp wlth the 
facllltles, and ~nvest~gate posslble data sources The August, 1997 assessment 
Included the above sltes wlth the addltlon of Hrazdan HPP and the Abovlan 
underground natural gas storage faclllty The October, 1997 assessment 
focused on the three swltchyards affected by the proposed World Bank 
Rehabllltatlon loan The assessment portlon of the project focused on recording 
exlstlng and hlstorlcal practices at the facllltles and Included onslte sampllng and 
analysls for PCBs In so11 around transformers and 011 w~thln the swltchyard 
transformers As a result of these vlslts, several recurrent themes were evldent 

Alr pollut~on control equipment IS absent at the thermal power plants 
(TPPs) Methods currently used to control emlsslons are considered 
outdated and lnefflclent, 
Secondary containment and spill prevention measures were not 
Implemented at any of the facllltles The assessment team was not 
provlded wlth any Internal regulatlons regarding the above measures, 
Stormwater runoff measures are not In place to control dlscharge to 
nearby bodles of water, 
Treatment of wastewater discharges IS llmlted to multl-level pH 
adjustment, 
OllNVater separation devlces are elther not provlded (by orlglnal Sovlet 
deslgn) or are extremely lnefflclent and aged beyond thelr useful Ilfe, 
Hydropower plants (HPPs) dlscharge untreated sewage, plant derlved 
washwater, and coollng water dlrectly to the associated water body as 
per orlglnal deslgn, 
Controls and regulatlons are not in place for management of hazardous 
substances such as asbestos (especially evldent at TPPs), 
Analytical data lndlcates that PCBs are present at all electrlcal energy 
productlon facllltles assessed based on llmlted sampllng of so11 at the 
TPPs and HPPs enumerated above In many cases, based on the 
orlginal faclllty design, spllls or leaks of PCB-conta~n~ng materials are 
discharged dlrectly to water bod~es, 
There was no knowledge of the presencelabsence of PCBs wlthrn any 
of the faclllty's systems, 
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Pollut~on control IS presently not a prlority In the day to day operation of 
the faclllties, however, some Sovlet era feasibility projects d ~ d  exlst but 
were not implemented due to lack of fundlng, 
Solld waste, hazardous waste, and/or contaminated materlals orlglnatlng 
from the faclllties are either burled or burned at the sltes, or are 
disposed of at a munlclpal dump No post-bur~al monltorlng IS In place 
No quant~tat~ve analysls of dlsposed materlals IS performed, 
Analytical data for 011 and soil samples taken at the three swltchyard 
facilities by Burns and Roe lndlcate very low levels of PCBs In oil and in 
stalned soils adjacent to transformers and oil storage tanks One 011 

sample that was Independently analyzed by Energylnvest at the 
Spandroyan substation y~elded a PCB concentration of 120ppm or 120 
mg/kg 

Following IS a brlef technical outllne of the production faclllties vislted Flgure 2 1 
shows the locations of all major power plants and transmlsslon and dlstrlbutlon 
and lnterconnectlon grlds 

2 1 1 Yerevan TPP 

Yerevan TPP IS located In the industrial zone of Yerevan City The power plant IS 

of comblned heat-and-power (CHP) type and conslsts of two sectlons The flrst 
section has 5x50 MW units of effectwe capaclty whlch came into operation In 
1963-65 The second sectlon conslsts of 2x150 MW units installed In 1966-68 
The flrst sectlon units (Unlts 1-5) are connected to a common header before 
steam delrvery to the turblnes The second sectlon unlts are stand-alone (Block 
Unlts) and are not connected to a common header All unlts are of the 
conventional steam type wlth coollng towers, and are equlpped wlth burners for 
dual f~rlng 
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Following are the major characterlstlcs of the Yerevan TPP 

Total Installed capac~ty (by 
unlt) 
Total effectlve capaclty today 
(by unlt) 
Steam production, Gcallhr 

- Industry 
- D~str~ct heatlng 

Boller capaclty, t/hr 
Superheated steam 
temperature, "C 

Sect~on 1 Sect~on 2 (Block 
Un~ts) 

MW, 1x50 MW) 
250 MW (5x50 

MW) 
300 MW (2x1 50 

Superheated steam pressure, 
atg 
Number of coollng water 

I Usable 011 storage capaclty 1 72,000 m3 I 

pumps 
Capaclty of each coollng water 
pump, t/hr 
011 (Mazut) storage capaclty 

130 

6,000 

6 tanks 5,000 md each, 6 tanks 10,000 
m3 each 

I - From Russla 1 5-3 I 
Table Note Mazut purchased on the open market by USAID over the last two years has been 
prov~ded w~th sulfur content of less than 0 5% 

1 30 

today 
Mazut sulfur content, % 

- From Azerbaijan 

2 1 2 Yerevan HPP No 1 

16 

0 5-1 

The Yerevan HPP No 1 cons~sts of two (2) Russlan made Francls turblnes The 
turblnes were Installed In 1961 The Installed capaclty of the power plant IS 40 
MW (2x20 MW unlts) and the head IS 84 m 

2 1 3 Hrazdan TPP 

The Hrazdan TPP IS located 55 km north of Yerevan The statlon conslsts of two 
plants Sectlon 1 IS an lndustrlal power plant that conslsts of four unlts (2x50 
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MW and 2x 100 MW) that were commrss~oned In 1966-69 Sectlon 2 conslsts of 
four unlts (3x200 MW, 1x210 MW) that were comm~ss~oned In 1971-74 Sectlon 
2 of the power plant currently has a new Un~t 5 (300 MW) under construction 
The work on Unlt 5 IS belng frnanced by the EBRD and IS scheduled to be 
completed In 1999 

Sectlon 1 IS desrgned to operate as a CHP plant to satlsfy the needs of local 
cement and concrete panel factorles 

Following are the major characterlstlcs of the Hrazdan TPP 

* New 300 MW unlt IS not ~ncluded 

2 1 4 Hrazdan HPP 

Sect~on 2 
81 0 MW (3x200 
MW, lx210MW)* 
81 0 MW (3x200 
MW,lx210MW)* 

N/A 
N/A 
640 
545 

140 

8 

1 1,300 

Category 
Total installed capaclty (by 
unit) 
Total effect~ve capacity today 
(by unlt) 
Steam production, Gcallhr 

- Extraction 1 
- Extraction 2 - 

Boller capacrty, t/hr 
Superheated steam 
temperature, "C 
Superheated steam pressure, 
at9 
Number of cool~ng water 
pumps 
Capacrty of each coollng water 
pump, t/hr 

The Hrazdan HPP conslsts of two (2) Austrlan made (Vorght) turblnes The 
turblnes were ~nstalled In 1959 The Installed capaclty of the power plant IS 81 6 
MW (2x40 8 MW un~ts) 

Sect~on 1 (CHP) 
300 MW (2x50 

MW, 2x100 MW) 
300 MW (2x50 

MW,2x100MW) 

80 
80 
320 
560 

140 

8 

5,000 

2 1 5 Arzlnr HPP 

Usable 011 storage capaclty 
today 
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The Arz~n~ HPP conslsts of three (3) Austr~an made (Volght) turblnes The 
turb~nes were Installed In 1956 The Installed capactty of the power plant IS 81 6 
MW (22 2 MW, 23 7 MW, and 24 7 MW un~ts) and the head IS 118 m 

Gumush HPP 

The Gumush HPP cons~sts of two (2) Russ~an made (LMZ) turblnes (Unlts 1 and 
2) and two (2) Swed~sh made (ABB) turb~nes (Un~ts 3 and 4) All turb~nes were 
~nstalled In 1953 The Installed capac~ty of the power plant IS 21 1 MW (2x55 2 
MW and 2x50 3 MW) and the head IS 285 m 

2 2 MONITORING 

The present system for env~ronmental monttorlng In Armenla IS amblent based 
and there was no ev~dence of system w~de mon~torlng of plant d~scharges As a 
result of several meetlngs w~th the Mlnlstry of Env~ronment regard~ng the 
ava~lab~l~ty of env~ronmental monltorlng data, ~t IS apparent that past 
env~ronmental monltor~ng has focused on the amb~ent qual~ty of alr and water 
resources Ex~st~ng fac~l~t~es are not requ~red to sample at the "end of plpe" and, 
therefore, data relevant to d~scharges from speclflc product~on fac~l~tres IS 

unavailable Est~mates of air emlsslons are made based on fuel type and the 
data qual~ty of the calculated effluent pollutant concentrat~ons IS ~nsuff~c~ent to 
accurately assess any envlronmental or publ~c health impacts from the energy 
product~on sector Ex~st~ng electr~cal energy product~on fac~l~tles do not have the 
equipment necessary to sample d~scharges from the~r fac~l~t~es No plant 
discharge databases were found 

The state of Armenla's amb~ent mon~tor~ng system has deterlorated s~gn~f~cantly 
slnce the breakup of the Sov~et Un~on Of the 18 amblent air mon~tor~ng stat~ons 
located throughout the country, 12 are operat~onal There are 7 amb~ent alr 
mon~torlng stat~ons In Yerevan of wh~ch 3 are operat~onal In Yerevan, samples 
are obta~ned at 0700 hours, 1300 hours and 1900 hours and are sent to the 
central env~ronmental laboratory of the Mlnlstry of Envlronment for analysts The 
samples are analyzed for NO,, part~culates, SO2, chlortne, formaldehyde, and 
CO In add~t~on, a monopolymer res~due from the Yerevan Rubber Factory IS 

also measured In Yerevan Amb~ent air mon~torlng data and a map of air 
monltor~ng stat~on locat~ons IS Included rn Append~x A 

Based on a v ~ s ~ t  to an operatlonal M~n~stry of Env~ronment air mon~torrng statlon 
at the corner of Numbardlan and Khanj~an Streets In Yerevan, ~t IS evldent that 
budgetary constra~nts, lack of replacement parts, and proper malntenance have 
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had a slgnlflcant Impact on mon~torlng capabllltles However, thls monltorlng 
statlon malntalns its lntegrlty and operatlng mode 

2 3 DATA MANAGEMENT 

The data that IS collected from the sampllng programs IS handwritten and kept In 
paper log flles Supplementary lnformatlon such as maps, statlstlcal analysls, 
weather condltlons, etc , was not found Monltorlng and analysls IS st111 
performed based on Sovlet era standards There was no evldence of sampllng 
procedures, protocols, or mechanisms to Insure quallty control of the data 
collected It IS assumed, therefore, that monltorlng data credlblllty IS llkely to be 
suspect 

Data was not readlly avallable regarding lnventorles of exlst~ng envlronrnental 
resources Requests for lnformatlon such as the locatlon of publlc water Intakes 
or well locations could not be prov~ded Thls lnformatlon IS treated as dellcate 
government lntelllgence lnformat~on A major deflclency exlsts In the avallablllty 
of data for sensltlve envlronrnental resources Wlthout a thorough knowledge of 
such resources relatlve to energy productlon facllltles, it IS difficult to thoroughly 
assess envlronrnental Impacts and electrical energy productlon sector Impacts In 
partlcular 

2 4 FOCAL AREAS 

Speclflc deflclencles In each of the following areas have been ldentlfled through 
slte vlslts, review of avallable ~nformatlon, and meetlngs wlth Armenlan offlclals 

2 4 1 AIR 
Alr quallty wlthln many of the populated areas appears to be poor Although 
vlslble emlsslons were not emanatlng from any of the TPP stacks at the 
assessed sltes, only several CHP units were operatlng due to the summer load 
pattern and the lack of a res~dentral dlstrlct heatlng load As noted above, there 
IS no "end of plpe" testlng Thus the quantlty of pollutants emanatlng from any 
speclflc facll~ty IS computed from numerical calculat~ons based on fuel 
composltlon and consumption It IS known that continuous alr pollution control 
equ~pment IS not present on any of the TPP facllltles assessed The perlodlc 
measurements that are conducted do not provlde a real~st~c emlsslons plcture 

Alr pollutants, and NOx In partlcular, at TPPs are controlled by flue gas 
reclrculatlon (FGR) techniques FGR for NOx control conslsts of extracting a 
portlon of the flue gas from the economizer or alr heater outlet and returning ~t to 

Burns and Roe Enterprrses, lnc U S Agency for lnternatronal Development 



Flnal Techn~cal Report ENVIRONMENTAL ASSESSMENT 
OF ARMENIAN ENERGY SECTOR 

the furnace, admltt~ng the flue gas through the burner wlndbox FGR lowers the 
bulk furnace gas temperature and reduces the concentration of oxygen In the 
combustlon zone 

FGR can be used effectively on 011- and gas-flred bollers to achleve slgnlflcant 
reductlons In NOx on the order of 40-65% The actual amount of reduct~on varies 
w~th the amount of gas reclrculated Hlghest NOx reductlons are ach~eved on 
natural gas fuel The low range of NOx reduct~on eff~c~ency IS assoc~ated wlth 011 

combustlon It should be expected that In Armenla, where most of the fuel 
burned today IS natural gas, greater levels of NOx reduct~on should be reached 

Table 2 4-1 illustrates the emlsslons levels for SO2 and NOx for the two largest 
TPPs In Armenla Please note that the decrease of SO2 and NOx illustrated In 
Table 2 4-1 1s attributable to both a fuel switch (mazut to natural gas) and to 
decreased operat~ng condlt~ons Thls data reflects the calculated emlsslon levels 
based on fuel consumption data and mode of operat~on Table 2 4-2 presents 
selected stack emlsslon llmlts for natural gas flred power plants 
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Table 2 4-1 

I Hrazdan TPP I 

NO,, t/yr 
SO2, t/yr 

Total (including NOx, 
SO?). t/vr 

Table 2 4-2 
Power Plant Stack Em~ssion L~m~ts  - Natural Gas Plants 

6,178 
14,764 
21,291 

Total (including NOx, 
S02), t/yr 

The relative contribution of the electrical energy sector to ambient air pollution IS 

a critical consideration in any future studies Existing air quality problems are a 
function of several sectors of the economy including transportation, industry, 
home heating, power production, and refuse burning For example, air quality 
impacts from a local cement manufacturer in the Hrazdan area are said to dwarf 
the impacts from other sources when the plant is In operation Th~s was evident 

5,979 
16,179 
22,584 

The above data has been prov~ded by ArmenIan Mlnlstry of Env~ronment 

58,719 

contaminant 
NOX 

SOX 

Particulates 
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3,340 
12,488 
16,093 

38,245 

Russ~a 
86 mgImJ 
and 125 
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1,409 0 
426 8 

1,853 6 

30,182 

World Bank 
0 20 IbsImmBTU of heat 
input 

500 TPD if background air 
quality c50 mglm3 

100 TPD if background air 
quality >I 00 mglm3 

100 mglm3 

1,398 
31 3 

1,724 

U S EPA 
0 20 IbsImmBTU of heat 
input 

0 80 IbsImmBTU of heat 
input 

0 030 IbsImmBTU of heat 
input 
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durlng the August and October, 1997 vlslts as a large, dense plume was 
observed emanating from the cement manufacturer on several occasions 

Estimates of the pollutant load from the electrlcal energy productlon sector are 
further complicated by the avallabll~ty of fuels Whlle natural gas IS the preferred 
optlon at thls tlme, the use of mazut contalnlng 2 - 5 % sulfur IS the alternative 
when gas IS unavailable whlch can Increase SO2 emissions several tlmes over 
that of natural gas The TPPs, on average, were burnrng mazut for one-half to 
two wlnter months durlng the last 2 years The use of varlous fuel types will 
greatly affect both the selection of any pollution control equipment utlllzed and its 
effectiveness 

Clrmate and weather condltlons do not appear to be considered In the overall 
management of air quallty The status of Armenla's meteorologic capabllltles 
should be lnvestlgated and bullt Into any air quallty management plans that are 
developed 

2 4 2 WATER 
Water resources In Armenra serve a varlety of purposes lncludlng power 
generation, potable usage, lrrlgatlon and recreation In many cases, water 
resources must meet multlple needs Management of water resources from both 
a quantlty and quallty perspective IS critlcal to the overall health of the Armenlan 
environment and ~ t s  people 

2 4 2 1 Water Qualrtv 

The government sponsored amblent monltorlng system provldes llttle lnformatlon 
In terms of the dlrect Impacts the electrlcal energy productlon sector has on 
water resources The lack of readlly available lnformatlon regarding the 
juxtaposltlon of electrlcal energy productlon facllrtles relatlve to crltlcal water 
resources makes ~t d~ff~cult to assess the relatlve Impacts of the sector on water 
quallty There are, however, existing practices occurring at the facllltles whlch 
are expected to have adverse Impacts on water quallty They Include the 
following 

Treatment of wastewater discharges (at TPPs) IS llmlted to multl-level 
pH adjustment, 
Treatment of runoff from chem~cal storage areas (at TPPs) IS l~mtted to 
multl-level pH adjustments, 
Analytical data tndlcates that PCBs are present at all electrlcal energy 
productlon facllltles assessed In many cases, spllls or leaks of PCB- 
contalnlng materials are discharged dlrectly to water bodles, 
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- - - 

HPPs dlscharge untreated sewage, plant-derlved washwater, and 
cooling water directly to the assoc~ated water body, 
OiI/Water separation devlces are either not provided (at HPPs) or are 
extremely inefflclent and aged beyond their useful llfe (TPPs), 
Stormwater runoff from both HPPs and TPPs flows untreated into 
adjoining water bodies, 
Railcar delivery areas (at TPPs) exhlblt sign~flcant spillage of mazut that 
will eventually reach adjoining water bodies because of the lack of 
stormwater controls and may inf~ltrate to groundwater, 
Knowledge of the extent of contamination from hazardous substances 
such as PCBs and asbestos is very poor In many cases, there are no 
accurate inventories of the types of hazardous materials present and 
their usage at a facility Those hazardous substances are typically not 
protected from preclpltatlon and eventually reach adjolnlng water bodles 
because of lack of stormwater controls, 
Erosion from the dlsrepalr of aqueducts and auxiliary sp~llways 
contributes to sediment loading in the adjolnlng water bodles 

Given the extent of problems identified above, the potential quallty impacts to 
both surface and groundwater supplies from electr~cal energy production can be 
signlflcant 

The following table represents typical maximum allowable water dlscharge l~mits 
for TPPs 

Table 2 4-3 
Yerevan TPP Maxlmum Pollutant Concentrations 

I Hazardous Mater~als I 0214 1 24 57 1 

Sulfate 
011 Products 

According to interviews with plant managers at 2 TPPs and 4 HPPs, the actual 
water discharges were basically wlthin the maximum allowable llmlts The 

609 6 
0 542 

- - .  
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exlstlng practlce In Armenla IS to conslder a "preset" Mlnlstry of Environment llmlt 
as actual unt~l proven differently 

In splte of numerous detalled requests, Burns and Roe was provlded wlth a 
general water quallty table (see Appendlx B) whlch provldes averaged annual 
concentrat~ons wlthln the Hrazdan Rlver Although average annual data can 
provlde a general lndlcatlon of overall stream health, ~t does not allow an 
assessment of locallzed seasonal ~mpacts or lndustrlal stresses 

2 4 2 2 Water Quantlty 

The dependence of the electrlcal energy productlon sector on hydropower 
requires slgnlflcant water usage that may or may not be compatible wlth other 
needs such as lrrlgatlon and preservation of Lake Sevan There are seven 
HPPs that form the Hrazdan cascade system Flgure 2 4 deplcts the locatlon of 
HPPs on the cascade The cascade system relles on water derlved from the 
open channel, concrete l~ned Hrazdan Canal whlch orlglnates at Lake Sevan and 
flows for a length of 60 kilometers termlnatlng at the Ararat Valley lrrlgatlon 
system The HPPs receive thew Input water from the Canal and discharge water 
to the Canal or to the Hrazdan Rlver whlch roughly parallels the Canal There 
are emergency rellef channels that connect the Hrazdan Canal to the Hrazdan 
Rlver In add~t~on, there are rrrlgatlon dlstrlbut~on channels that orlglnate from the 
cascade system Water flow for electrlcal productlon volume for each HPP In the 
Hrazdan cascade IS d~ctated by the Mlnlstry of Agriculture In the months May 
through October The Mlnlstry of Energy dlctates electrlcal productlon output of 
the HPPs In the months November through Aprll 

Dur~ng the August, 1997 assessment vlslts, the HPPs were operating at 10% to 
70% of thelr established capacltles Up to one half of the Canal flow IS dlverted 
for agricultural use prior to ~ t s  flnal Ararat Valley destlnatlon 
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2 5 RESIDUAL MANAGEMENT 

In addltlon to Impacts to air and water resources from the electrical energy 
production sector, resldual management pract~ces are of concern Speclflcally, 
the dlsposal of used equipment, contamlnated so11 and gravel, and hazardous 
waste raise long term health and safety Issues for the ArmenIan populat~on 
Ev~dence of random dlsposal pract~ces was observed durlng the s~te v~s~ts to 
energy producing facllltles Mechanisms for tracklng dlsposal of waste materlals 
were not readlly avallable Photo No 1 illustrates dlsposal practlces at one of 
the assessed facllltles 

Most of the facllltles vlslted have used In the past and contlnue to use asbestos 
for lnsulatlon Asbestos continues to be the only avallable lnsulatlon materlal In 
Armenla Examples of poor lnsulatlon malntenance were prevalent throughout 
the energy sector Dlsposal of used asbestos and ~ t s  threat to workers wlthln the 
facllltles are slgnlflcant envlronrnental concerns Photo Nos 2 and 3 deplct poor 
asbestos malntenance and storage practices 

Most facllltles use a comblnatlon of onslte dlsposal, onslte burnlng, and offslte 
munlclpal dlsposal for resldual and solrd wastes As was evldent throughout 
Armenla, air emlsslons resulting from the uncontrolled burnlng of restdentla1 and 
commercial solld waste 1s a contrlbutlng factor to dlmlnlshed air quallty Of 
lmmedlate concern In the energy sector, 1s the practlce of burnlng paper fllters 
and resldual wastes derlved from the cleanlng of transformer 011 Slnce PCBs 
were discovered In samples at each faclllty vlslted In August 1997, slgnlflcant 
health effects can result due to burnlng PCB contalnlng materlals In addltlon, 
burlal of PCB contamlnated materlals poses long-term health threats to energy 
workers and the general populat~on Photo No 4 deplcts the typlcal 011 soaked 
resldue to be burned 

In general, the management of hazardous waste IS poorly conceived and 
understood Long term envlronrnental and health Impacts from poor 
management practlces are lnevltable 
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2 6 APPLICABLE ENVIRONMENTAL REGULATIONS 

A fee and fine mechanism 1s In place for air and water emisslons Fees are paid 
based on the volume of plannedlest~mated annual emisslons Flnes are 
Imposed for any exceedence of the plannedlest~mated emissions Flgure 2 6 
presents air and water discharge fees and flnes for the Hrazdan TPP whlch were 
assessed In 1989 The flne for above normal emergency water discharges 1s 
94,600 rubles whlch equates to approximately $ USD 120,000 00 (1 989) No 
information was available for the current fee and flne arrangement 

The World Bank has extensively addressed the state of Armenlan environmental 
regulat~ons and legal and lnstltutlonal Issues In thelr Lake Sevan Envlronrnental 
Action Plan (f~nal-June 1998) and Natlonal Envlronrnental Actlon Plan (flnal- 
September 1998) Reports 

- -- - -- - - - - - - -- - - 
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2 7 ANALYTICAL TESTING 

2 7 1 PRODUCTION FACILITIES 
As part of assessment actlvltles, 3 types of analytlcal analyses for PCBs were 
performed at productlon facllltles 

Initial testing at the productlon facllltles focused on stalned solls adjacent to 
transformers and 011 storage tanks Samples were obtalned and detalled 
measurements were made to ldentlfy and map the sample locatlon The 
samples were then analyzed under controlled condltlons using fleld test klts 
des~gned speclflcally to detect the presence of PCBs The remainder of the so11 
samples obtalned from the productlon facllltles were then sent to a nationally 
recognized laboratory In the Unlted States for confirmatory testlng The 
confirmatory analysls evaluated the so11 samples for the seven (7) most common 
PCB congeners (Aroclor 1016, 1221, 1232, 1242, 1248, 1254, and Aroclor 
1260) Due to mlnor dlscrepancles In the fleld analysls versus laboratory 
analysls results, three (3) samples underwent PCB "flngerprlntlng" analysls Thls 
"flngerprlntlng" analysis determines the levels of 48 PCB congeners lncludlng 
those typically monitored In Europe as well as the 36 most toxic and 
env~ronmentally prevalent congeners 

Based on the above testlng, ~t has been determined that the most prevalent PCB 
congener encountered at the energy productlon fac~lltles IS Aroclor 1254 The 
hlghest PCB levels were found at thermal power plants (150ppm) and the lowest 
levels (c 0 16ppm) at hydropower facllltles Tables summarlzlng the analytlcal 
results of PCB testlng at the productlon facllltles can be found In the Slte 
Observation subsect~ons for each respective faclllty The comblned analytlcal 
data and analysls reports can be found In Appendlx C 

The dlscrepancles In the fleld analysls versus laboratory analysls results were 
exhlblted In samples wlth low levels (1 to 5 ppm) of PCBs It should be noted 
that several of the so11 samples obtalned for analysls contalned slllca beads that 
had been previously dlscarded around various transformer locations The slllca 
beads are used as part of a treatment system deslgned to remove molsture and 
particulates from transformer 011 It IS belleved that the slllca beads may also 
have the potentlal to adsorb PCBs onto thew surface It 1s postulated that the 
presence or absence of the sll~ca beads in any given sample al~quot may affect 
the level of PCBs subsequently detected In the sample Therefore, dev~at~ons In 
sample results espec~ally at low levels may be attr~buted to the presence of 
dlscarded transformer 011 treatment system slllca beads 
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The Draft September 1997 verslon of thls Report Included only the fleld test 
analysls results since the laboratory analytlcal results were stdl pendlng at that 
time Because of the dlscrepancles noted above, only the laboratory analytlcal 
results will be reported and d~scussed in thls Flnal verslon of the Report 
Therefore, the fleld test results that were "posit~ve" for PCBs at the Yerevan HPP 
and Hrazdan HPP (based on 2 samples at each faclllty) will be reported as 
havlng PCB concentrations of less than 0 16 ppm whlch IS the laboratory 
analytlcal detection llmlt for those 4 samples 

2 7 2 SWITCHYARDS 
In addltlon to the above testlng, testlng for PCBs was conducted at three of the 
switchyards (Zovuny, Marash, and Shaumlan-2) affected by the proposed World 
Bank loan Slnce the loan will be used to rehabllltate transformers and clrcult 
breakers wlthln the sw~tchyards, 011 samples as well as so11 samples were 
obtained for analysls Burns and Roe conducted "Spllt sampllng" In conjunct~on 
wlth the Mlnlstry of Energy's Project lmplementatlon Unlt, Energylnvest Burns 
and Roe sent its samples to the same analytlcal laboratory used for the 
production facillty analyses and Energylnvest sent its samples to a SWISS 
analytlcal laboratory The data sets detected no PCBs In transformer 011 Low 
level PCBs (0 1 to 1 0 ppm) were detected In the solls below the transformer 011 

storage tanks at all three swltchyards Elevated levels of PCBs were detected In 
two clrcuit breakers (8 1 to 120 ppm) Please note that the 120 ppm result was 
obta~ned by Energylnvest's sampllng efforts at a clrcuit breaker located at the 
Spandroyan substation 

Energylnvest was provlded with the Environmental Protection Agency (EPA) 
analytlcal testlng methodology (Method 8081) for PCBs that was agreed to be 
used as the basis for the spllt sample analysis Unfortunately, the subcontractor 
and analytical laboratory that performed the analysis (vla DIN 51527 standard) 
for Energylnvest tested for SIX congeners of PCBs whlch are typ~cally monitored 
In Europe that Method 8081 does not target Therefore, although ldentlcal 
samples were submitted to both the US and SWISS laboratones, a direct 
comparison of the analytical results cannot be performed because the samples 
were analyzed for different constituents 

It IS interesting to note that as a result of using the two different test methods a 
broader "variety" of PCB congeners were determ~ned The SIX PCB congeners 
Included In the DIN 51527 standard are Included with~n the 48 congeners In the 
"f~ngerpr~nt~ng" analys~s d~scussed in Sect~on 2 7 1 Based on lnqulrles made to 
the analyt~cal laboratory that conducted the PCB analysls the following items are 
of note 
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The sum total of the 48 congeners (analyzed as part of the "flngerpr~ntlng" 
analysis) accounts for 94% of the concentration of Aroclor 1254 Therefore, a 
strong correlation can be made between Aroclor 1254 and the 48 congeners 

Aroclor 1254 does not contaln a s~gn~flcant amount of the 6 PCB congeners 
determined vla the DIN 51527 standard However, from a presencelabsence 
standpoint, the 6 congeners would prov~de an lnd~catlon of Aroclor 1254 
presence 

Therefore, from the llmlted amount of data obtalned from 4 different sampllng 
events ~t IS evldent that both Amerlcan "Aroclor" type PCBs as well as 
"European" type PCBs are present In the Armenlan power sector 

Table 2 7 presents the Burns and Roe sample results from the swltchyard 
sampllng effort 

011 Samples 
Marash T1 140434 I c 2500 I c 2500 

Table 2 7 
February 1998 Armenla PCB Sampllng at Selected Substation Swltchyards 

! LOCATION 

I 

Table Notes T = Transformer followed by ser~al number 
CB = Clrcult Breaker followed by ser~al number 
Tank Storage = The so11 under the transformer o ~ l  storage tank 
uglkg = micrograms per kg and can be expressed as Parts-per- 

bllllon 

PCB-1 254 (uglkg) 

Marash T2-110955 
Marash CB-2470 
Zovuny T I  -88921 
Zovuny T2-105923 
Zovuny CB 1328 
Shaum1an2 T I  -1 33353 
Shaumian2 T2-140188 
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PCB-1 260 (uglkg) 

< 2500 
81 00 

c 2500 
c 2500 
c 2500 
< 2500 
c 2500 

< 2500 
c 2500 
c 2500 
c 2500 
c 2500 
c 2500 
c 2500 

Soil Samples 
Marash Tank Storage 
Zovuny Under Transformer 
Zovuny Tank Storage 
Shaumian2 Under Transformer 
Shaum1an2 Tank Storage 

1000 
c 34 

1050 
4380 

< 17 

c 170 
9 1 

c 170 
c 850 

136 
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3 0 SITE VISITS AND OBSERVATIONS 

3 1 YEREVAN TPP 

3 1 1 INTRODUCTION 
Yerevan TPP was v~s~ted for the assessment portlon of the program on 5 and 7 
August 1997 Prellmlnary lnspectlons took place In October 1996 Meetlngs 
were held wlth Mr Hovak~m Ovaness~an, Plant Dlrector and Mr Edward 
Khazar~an, Deputy Chlef Englneer of the faclllty Mr Khazarlan escorted the 
assessment team on a tour of the faclllty 

3 1 2 OBSERVATIONS 
Yerevan TPP IS an "outdoor type" power plant That IS, all major faclllty 
components are exposed to amb~ent cllmatlc condltlons whlch can cause 
premature aglng of the components Two more power plants of thls type 
currently exist In the Former Sovlet Un~on (FSU) In Uzbeklstan and Kazakhstan 
The development of the "outdoor type" power plants occurred as a result of 
Kruschev's vlslt to the Un~ted States when he saw "outdoor type" statlons in 
Callfornla The deslgn was relatively lnexpenslve to bulld and could be put Into 
operation qulckly Unfortunately, the Sovlet author~tles faded to recognize at that 
time that Callforn~a has a very m~ld cllmate compared to Armenla (and 
Uzbeklstan and Kazakhstan for that matter) Only three "outdoor type" facllltles 
were bu~lt subsequent to the deslgn belng prohlblted In the FSU Spare parts for 
external maintenance of the faclllty are unavailable 

The following observations or statements are of note 

3 1 2 1 Alr Issues 

No control systems are In place to reduce alr emlsslons Excess air and flue 
gas are manipulated to control NOx when gas and mazut are burned When 
burn~ng mazut, the facll~ty trles to purchase low sulfur mazut and to malntaln a 
constant temperature to reduce SOX emlsslons The currently used mazut 
contalns up to 5 % sulfur, 
Ash removal IS not necessary when burnlng mazut as the facillty ma~nta~ns a 
hlgh enough air veloc~ty that the particulates remain entra~ned and are 
exhausted through the stack thereby Increasing particulate emlsslons, 
Power plant representat~ves stated that the facrllty equipment IS located very 
close together and, as a result of a 1989 study, they would not be able to f ~ t  
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pollution control equipment (e g , flue gas desulfurization ~nstallation) into the 
facility if such equipment became available, 
A computer program is used to calculate the quantity of air pollutants based on 
the amount and quantlty of fuel burned and expected electrical and district 
heating outputs on a monthly bass No real time monitoring IS provided, 
5 bollers discharge into one 70 meter stack, 2 bollers discharge into one 130 
meter stack, 
Power plant representatives stated that the stacks are In poor condition and 
that the flue gas ducts have many leaks which lowers the overall efficiency of 
the units The leaky ducts were apparent during our inspection - See Photo 
Nos 5 and 6, 
Facility personnel displayed a USAID-provided multigas analyzer (Bacharach 
Model 300 wfUSAID stickers) which they received in 1994 Facillty personnel 
stated they are in urgent need of consumable supplies for the analyzer, 
especially an oxygen sensor, 

3 1 2 2 Water Issues 

200 tonsfhour of technical water is discharged to dramage channels following 
pH adjustment No other treatment has been provided according to the original 
plant design Per~odic checks of water quality are made by the facility and by 
the Yerevan Environmental Inspection (YEI) According to facility 
representatives, the annual limits correspond to the site specific standards, 

3 1 2 3 Residual Manaqement Issues 

Power plant representatives stated that a "If2 tank" (or metal liner) is present 
under the gravel at the transformer station to collect spilled oil Apparently this 
transformer oil is collected and re-used The liner has not been inspected 
since statlon construction, 
Mazut storage area is surrounded by uncompacted, loose earthen berms, 
The bulk asbestos storage area IS a crude room plled with loose asbestos 
Asbestos was visibly tracked outs~de the storage area onto a major outdoor 
power plant walkway Asbestos plpe insulation was In an adjacent storage 
area with conditions similar to the bulk storage Power plant workers seem to 
have no awareness of the health effects of asbestos No protective equipment 
(e g , dust masks) were worn by the asbestos workers - See Photo Nos 7 and 
8,  
So11 samples for PCB analysis were taken at a llm~ted number of Inactive 
transformers 

3 1 3 PCB TESTING 
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Please refer to Table 4 1 in Sect~on 4 0 for PCB International Regulatory Lim~ts 

Yerevan TPP has two operational transformer yards F~gure Nos 3 1-1 and 3 1 - 
2 represent the layouts and sample locat~ons for PCB testlng At the tlme of the 
~nspect~on, two (2) transformers were not operational at the non-block un~t 
transformer yard and all transformers were In operation at the block unlt 
transformer yard A total of three samples were taken at the non-block 
transformer yard, two (2) at non operational transformers Nos 3 and 6 (Samples 
YT2 and YTI), and one (1) on the ra~lroad tracks near an 011 dellvery tank 
(Sample YT3) Two (2) samples were taken at the block unit transformer yards 
(Samples YT4 and YT5) 

3 1 3 2 Testing Results 

Follow~ng is the summary of analyt~cal test~ng 

Burns and Roe Enterprrses, Inc U S Agency for International Development 

Comments 
Aroclor 1254 
Aroclor 1254 
Add~t~onal "flngerpr~ntlng" analysls for 
48 PCB congeners ylelded a total 
PCB concentration of 0 0057 mglkg 
Aroclor 1254 
Aroclor 1254 

Sample No 
YTI 
YT2 
YT3 

YT4 
YT5 

Results In PPM (mgfkg) 
0 31 
0 26 

< 0 1 6  

3 96 
28 4 
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3 2 YEREVAN HPP 

3 2 1 INTRODUCTION 
Yerevan HPP 1 (No 1) was vlslted on 6 August 1997 Prellmlnary lnspectlons 
took place In October 1996 A meet~ng was held wlth Mr Meruzhan Galstlan, 
Dlrector of the faclllty and Mr GalstIan escorted the assessment team on a tour 
of the faclllty 

3 2 2 OBSERVATIONS 
Yerevan HPP 1 IS the last of 7 hydropower facllltles In the Hrazdan Cascade 
system 

The following observations or statements are of note 

3 2 2 1 Water Issues 

Untreated plant derlved wastewater IS dlscharged to the Hrazdan R~ver It IS 

unclear whether raw sewage IS dlscharged to the Rlver, 
On 6 August the faclllty was generating 3 - 3 5 MW of electrlclty wlth a 
corresponding flow of approximately 7 1 m3/sec through the turblnes The 
capaclty of Yerevan HPP 1s 22 MW 
Recovery wells under the transformer area are posslbly contammated wlth 
transformer 011 Depending upon slte speclflc hydrologic cond~t~ons, 
transformer 011 from the recovery wells may be a source of surface water or 
groundwater contam~nat~on, 
Any major leaks or spllls In the bulk 011 storage area would be dlrected to the 
Hrazdan Rlver 

3 2 2 2 Resldual Management Issues 

Faclllty representat~ves stated that thelr main environmental problem IS 

transformer and turblne 011 leakage, 
1 No secondary contalnment 1s provlded under transformers The fac~llty relles 

on recovery wells under the transformers to recover 011 In case of a sp~ll, 
Faclllty representatlves stated thew deslre for development of secondary 
contalnment under the transformers as well as under the bulk 011 storage area, 
Turblne No 2 IS planned to undergo refurblshment In one month, 
Four tanks, each capable of storing 10 tons, are present In the bulk 011 storage 
area - Two tanks are dedlcated to transformer 011 and two tanks are dedlcated 
to generator 011 The faclllty recently completed refurblshment of the concrete 
bases of the tanks - 
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Slnce both turblnes share a common transformer yard, so11 samples for PCB 
analys~s were taken (for safety reasons) outs~de the actlve transformer yard 

3 2 3 PCB TESTING 

Yerevan HPP 1 has one transformer yard Flgure No 3 2-1 represents the layout 
and sample locatrons for testlng At the time of the rnspectron, both transformers 
were operating at the transformer yard A total of two (2) samples were taken 
(Samples YH1 and YH2) 

3 2 3 2 Testlnq Results 

Following 1s the summary of analytical testlng 

Burns and Roe Enterpr~ses, lnc U S Agency for lnternatronal Development 

Sample No 
YHI 

YH2 

Results In PPM (mglkg) 
~ 0 1 6  

~ 0 1 6  

Comments 
Prellmlnary f~eld testlng lndlcated the 
presence of PCBs The analyt~cal 
results are below the llmlt of 
quantltatlon Therefore, ~t IS unclear 
whether PCBs exlst In the ons~te soils 
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3 3 HRAZDAN TPP 

3 3 1 INTRODUCTION 
Hrazdan TPP was v~s~ted for the assessment port~on of the program on 8 and 11 
August 1997 Prellmlnary lnspect~ons took place In October 1996 Meetlngs 
were held w~th Mr Ha~k Arab~an, Plant Dlrector and Mr Edward Narclsslan, 
Deputy Dlrector of the facll~ty Mr Narclss~an escorted the assessment team on 
a tour of the facll~ty 

3 3 2 OBSERVATIONS 
The Hrazdan TPP IS the largest fossll fuel flred power plant In Armenla At the 
t~me of the August 1997 assessment, no vlslble emlsslons were belng 
d~scharged from the facll~ty stacks However, the adjacent concrete 
manufactur~ng facll~ty had a s~gn~f~cant plume belng dlscharged from its stack 

The followlng observat~ons or statements are of note 

3 3 2 1 Alr Issues 

The facll~ty 1s currently flrlng natural gas 90% of the t~me and mazut at a rate of 
10% Mazut IS typ~cally flred In wlnter t~me only, 
Alr emlsslons are currently controlled by - Temperature control, Flue gas 
rec~rculat~on, and Oxygen ~nject~on No alr pollut~on abatement systems are 
Installed at the facll~ty, 
The facll~ty has been recelvlng "h~gh sulfur" mazut The facll~ty has the 
capab~l~ty to perform bas~c analyses of the mazut they receive, 
The facll~ty completed construct~on of a new 270 m stack In 1990 whlch 
remains unused (see Plant Dlrector concerns below) 

The followlng calculated data has been prov~ded for air emlsslons from Hrazdan 
TPP for 1992-96 Decreases are attr~butable to both a fuel sw~tch (mazut to 
natural gas) and to decreased operating cond~t~ons Actual operatlng data whlch 
would be used to correlate emlsslons reduct~ons to fuel type has been 
requested Thls data reflects the calculated emlsslon levels based on fuel 
consumpt~on data and mode of operat~on 
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I NOz, tlyr 4,51461 1,55891 2,465 4 1 3,373 9 1 1,445 6 1 
Source Hrazdan TPP Management 

3 3 2 2 Water Issues 

5 2 
4 8 

342 2 

The facillty der~ves its process water from the Marmar~k R~ver Accord~ng to 
power plant offlclals, wastewater d~scharges are currently over the fac~l~ty lim~t 
for mazut and wastewater discharges rarely exceed the l ~ m ~ t  for lubrlcat~ng 011 

and transformer 011 No actual water quallty data was ava~lable, 
At full capaclty when the fac~l~ty is burn~ng mazut, approx~mately 30 m3 per hour 
of mazut contam~nated wastewater IS discharged to the Marmarik River The 
mazut contaminated wastewater IS der~ved from contam~nated mazut heat~ng 
condensate and from other areas wlth~n the mazut storage area The o~llwater 
separator located in the vlcln~ty of the mazut storage area IS "adm~ttedly 
ineffic~ent and beyond its useful I~fe" accord~ng to facll~ty representat~ves Pr~or 
to its d~scharge In the Marmar~k Rlver, the o~llwater separator effluent flows to a 
settlement pond Note The Marmar~k R~ver IS a tr~butary to the Hrazdan Rlver, 
Recla~med mazut from the above system IS d~verted to an underground 
temporary storage area whlch may be a source of groundwater contam~nat~on 

Ash, t/yr 
v205 

SO?. t/vr 

3 3 2 3 Res~dual Manaqement Issues 

449 8 
96 5 

25.1313 

The transformer 011 and turb~ne 011 storage area abuts a bullding and has 
earthen berms on 3 sides and above ground piping Th~s storage area IS 

sparsely l~ned w~th gravel, has vegetat~on growing between tanks, and the 
tanks are rest~ng directly on the ground The fac~l~ty has no formal tank test~ng 
or mon~tor~ng program, 
Sod samples for PCB analys~s were taken below a l~m~ted number of ~nactlve 
transformers 

5 4 
4 7 

672 9 

21 1 
4 1 

1.9851 
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3 3 3 PCB TESTING 

3 3 3 1 PCB Testlnq Locations 

Hrazdan TPP has two operat~onal transformer yards F~gure Nos 3 3-1 and 3 3- 
2 represent the layouts and sample locations for PCB testlng At the tlme of the 
lnspectlon, two (2) transformers were not operat~onal at the non-block un~t 
transformer yard and three (3) transformers were not operatlonal at the block unlt 
transformer yard A total of four (4) samples were taken at the non-block 
transformer yard (Samples HT4, HT5, HT6, and HT7) Three (3) samples were 
taken at the block un~t transformer yard (Samples HTI, HT2, and HT3) 

3 3 3 2 Testinq Results 

Following IS the summary of analytical testlng 

Burns and Roe Enterprrses, Inc U S Agency for lnternatronal Development 

Sample No 
HT1 
HT2 
HT3 
HT4 
HT5 
HT6 
HT7 

Results In PPM (mglkg) 
1 42 
e 0  16 
115 
56 

12 8 
1 03 
150 

Comments 
Aroclor 1254 

Aroclor 1254 
Aroclor 1254 
Aroclor 1254 
Aroclor 1254 
Aroclor 1254 - H~ghest measured PCB 
result of the Assessment 
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3 3 4 OTHER COMMENTS AND CONCERNS 
In our inltlal meetlng, the Hrazdan Plant Dlrector enumerated concerns wlth 
environmental overtones as follows 

There IS a shortage of modern equipment to monitor the quallty of stack 
emlsslons, 
There IS a shortage of equipment to analyze the quallty of mazut, 
Hrazdan TPP would llke to phase out its rellance on asbestos lnsulatlon A 
German flrm was proposing (two years ago) to set up a gypsum lnsulat~on 
plant, but the deal fell through Asbestos IS the only lnsulatlon mater~al 
currently available, 
The facll~ty currently has a mazut storage capacity of 15,000 tons The 
Dlrector belleves that the mazut storage capaclty should be able to 
accommodate 15 days of operation at full load whlch would require a capac~ty 
of 250,000 tons, 
There is slgnlflcant exhaust gas leakage in the ducts leadlng from the bollers to 
the stack There is a project planned to replace the concrete duct panels wlth 
metal ducts, but there IS a lack of funds (See Photo Nos 9, 10, and 11) The 
cover sheet of the Feaslblllty Study is Included for reference as Appendlx D, 
The facll~ty has completed project plans and a feasibility study to reroute 
exhaust ducts to a larger (270 m) stack to aid In dlsperslon The bollers are 
currently connected to a smaller (180 m) stack (See Photo No 12) The cover 
sheet of the Feasibility Study IS lncluded for reference as Appendlx E, 
The facll~ty generates a slzable amount of secondarylunburned mazut that 
needs to be cleaned for reuse at the power plant Hlstor~cally, thls mazut was 
sold to other companies (asphalt plants) Hrazdan TPP lacks adequate 
storage systems for thls mazut Hrazdan TPP currently stores thls 
secondary/unburned mazut In small tanks whlch the Director feels are In an 
unsafe condition No assessment has been performed on these tanks, 
(Separate from the mazut contammated wastewater described In the 
Observation Section above) The facil~ty lacks olllwater separators to remove oil 
from feed water and technical water Thls equlpment should function at 
approximately 10 hers per second 
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3 4  HRAZDAN HPP 

3 4 1 INTRODUCTION 
Hrazdan HPP was vlslted for the assessment portlon of the program on 12 
August 1997 Meetlngs were held w~th Mr Avaklan, Facll~ty Dlrector Mr 
Avaklan also escorted the assessment team on a tour of the facll~ty 

3 4 2 OBSERVATIONS 
The Hrazdan HPP's major equlpment IS of German design and ~t was 
commiss~oned In 1959 

The following observations or statements are of note 

3 4 2 1 Water Issues 

Flfteen years ago the faclllty conducted a feaslblllty study to connect the plants 
sewage system to the ne~ghborlng town - thls project was never completed As 
per orlginal deslgn the facillty currently dlscharges its untreated sewage Into 
the reservolr below the statlon whlch connects to the Hrazdan Canal, 
Generator 011 passes through a water cooled heat exchanger Thls system has 
had leaks In the past, 
There are no olllwater separators present at the faclllty Any spllls are cleaned 
up wlth water and dlscharged to the lower reservolr, 
The faclllty has two types of transformers 
Type 1 IS called a un~t transformer These transformers are connected to the 
local power grld There was a s~gn~flcant sp~lllacc~dent In the unlt transformer 
area In 1965 Currently, any spllls or leaks In the un~t transformer area are 
collected In a concrete basln and d~scharged to the lower reservolr The faclllty 
dlscharges o ~ l  products to the lower reservolr "because its storage was deemed 
a flre hazard " In addlt~on, rainwater also collects In thls concrete basln and, 
thus, o~ly rainwater IS also dlscharged to the lower reservolr 
Type 2 IS called a dlstrlbutlon transformer These transformers were 
connected to the former 330kV Caucasus Grld These transformers have been 
nonoperatlonal for SIX years because "there IS no longer a Caucasus Gr~d " 

The dlstrlbutlon transformers are currently fllled w~th orl and are In a standby 
condltlon and are tested on a yearly baas The dlstrlbutlon transformer area IS 

also underlam by the same concrete bas~n as described above, 
There was a serles of concrete floor channels around the turblne house 
equlpment whlch discharge to the turblne house water collector Water was 
present on most floors of the turblne house above the normal elevation The 
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turbine house water collector was covered w~th oil (See Photo No 13) The 
turb~ne house water collector discharges to the lower reservoir, 
Children were observed swimming at the water discharge outlet of the HPP In 
addition, a boat was observed with two men fishing from it In the lower 
reservoir No warning or restriction signs were in place, 
When asked about equipment needs, the Director stated that they are lacking 
an oil/water separator to remove turbine oil and transformer oil, 
On 12 August the facil~ty was generating 56 - 58 MW of electricity with a 
corresponding flow of approximately 55 m3/sec through the turbines The 
capacity of Hrazdan HPP is 82 MW and self-consumption of electr~city is 
approximately 1 7 MW 

3 4 2 2 Residual Manaqement Issues 

The facil~ty utilizes a small treatment system for used transformer oil The 
system employs a small centrifuge and filter presses The cleaned transformer 
oil IS then reused The facil~ty admits a lot of "losses" during the treatment 
process through leaks and spills which are then discharged to the lower 
reservoir Residuals from the cleaning process (~ncluding used filter media) are 
disposed of In an onsite bur~al ground/landfill (See Photo Nos 14 and 1) Thls 
burial ground/landfill is approximately 50 meters above the lower reservoir, 
The facility's turbine oil and generator oil has not been treated or drained and 
flushed for 15 years, 
There are two villages upstream of the Hrazdan HPP wh~ch discharge sewage 
and agricultural waste Into the Hrazdan Canal The HPP has a coarse prefilter 
system (a steel net) to collect debris (pig skins, wood, etc ) which requires daily 
clean~ng to prevent these mater~als from fouling the intake and reducing water 
flow into the turb~nes The residuals that are removed from the prefilter system 
are "stored" adjacent to the intake area, 
Soil samples for PCB analysis were taken below Inactive distr~bution 
transformers (Type 2) For safety reasons no samples were taken in the active 
unit transformer (Type 1) area, 
The facility has one emergency spillway which is perpendicular to the water 
supply channel The emergency spillway trends straight down the hillside and 
has no bends, 
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3 4 3 PCB TESTING 

3 4 3 1 PCB Testinq Locat~ons 

Hrazdan HPP has one transformer yard Flgure No 3 4-1 represents the layout 
and PCB sample locat~ons The yard conslsts of SIX (6) unit transformers and two 
(2) dlstr~butlon connectlon transformers All un~t transformers were in operation 
durlng the assessment A total of two (2) samples were taken (Samples HH1 and 
HH2) at the non-operating dlstrlbutlon connectlon transformers 

3 4 3 2 Testlnq Results 

Following IS the summary of analytlcal testlng 

Burns and Roe Enterprrses, lnc U S Agency for lnternatronal Development 

Comments 
Preliminary fleld testlng lnd~cated the 
presence of PCBs The analytlcal results 
are below the llrnlt of quantitat~on 
Therefore, ~t IS unclear whether PCBs 
exlst in the onslte solls 

Sample No 
HH1 

HH2 

Results In PPM (mglkg) 
~ 0 1 6  

< O  16 
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ARZlNl HPP 

3 5 1 INTRODUCTION 
Arzini HPP was visited for the assessment portion of the program on 13 August 
1997 Preliminary inspections took place in October 1996 A meeting was held 
w~th Mr Survesian, Facility D~rector Mr Survesian also escorted the 
assessment team on a tour of the facil~ty 

3 5 2 OBSERVATIONS 
The Arzini HPP IS unusually located inside a mountaln of basalt whlch took 3 
years to excavate All power plant components ~ncludlng transformers are 
located withln the mountain The generators and turbines are over 40 years old 
and, on the mechan~cal side, spare parts are almost used up In add~tion, the 
facility's supply of seal~ng rings has been exhausted for the large globe valves 
whlch are used to regulate water flow to the turbines Both the inlet and outlet 
water plpes developed leaks In 1995 The facility receives its operating water 
supply from an 8 kilometer pipeline originating at the Hrazdan Canal and the 
facility discharges to the Hrazdan River On 13 August the initial flow drawn off 
the main Canal was 25 m3/sec of which 16 m3/sec was dlverted for local 
irrigation needs and 8 m3/sec was dlrected through the turbines 

The following observations or statements are of note 

3 5 2 1 Water Issues 

The facil~ty uses a central drain system that collects water accumulated from 
throughout the station The central drain flows into 2 wells which are directed 
to an underground reservoir Pumps are used to w~thdraw the accumulated 
water out of the reservoir, through the wells, and discharge it to the Hrazdan 
River H~storically, the facility used 4 pumps to transfer this wastewater 
Currently, only 2 pumps are serviceable and are leaking 011 due to a lack of 
spare parts and age, 
As per origlnal design the facility currently discharges ~ t s  untreated sewage into 
the Hrazdan River, 
An oil/water heat exchanger is used to cool turbine and generator oil This 
system experienced a major leak in 1994 wh~ch has since been repaired, 
The transformer area has a spilllleak collection system wh~ch discharges to the 
River The transformers are washed down once per year for ma~ntenance 
Wash water IS discharged to the R~ver untreated, 
The facil~ty has four emergency side channels off of the water supply pipeline, 
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The bottom floor of the turblne room was covered wlth 2 - 5 cm of water 
attributed, by the Dlrector, to geolog~cal/groundwater lntruslon, 
As a result of running the faclllty at a h~gh capaclty the last several years, 
slgnlflcant eroslon of so11 has occurred behlnd a concrete revetment Intended 
to protect the faclllty from hlgh flows In the Hrazdan Rlver (See Photo Nos 15 
and 16) No comprehensive assessment of thls problem has been conducted, 
Two transformer and two turblne 011 storage tanks are located wlthln an open 
air concrete walled storage area located approxlrnately 10 meters from the 
Rlver The storage area has dralnage grates whlch discharge to the R~ver slde 
of the storage area Any rainwater, leaks , or spllls wlthln the 011 storage area 
would flow un~mpeded Into the Rlver, 
On 13 August the faclllty was generating 7 MW of electrlclty wlth a 
corresponding flow of 8 m3/sec through the turblnes The capaclty of Arzlnl 
HPP IS 70 MW and self-consumption of electrlclty IS approxlrnately 0 3 MW 

3 5 2 2 Resldual Manaqement Issues 

Lubrlcatlon and coollng 011 IS perlodlcally cleaned via a centrlfuge and fllter 
press system Paper fllters and resldue from the cleanlng system are burned 
onslte One centrlfuge and one fllter press IS avallable for this use (See Photo 
No 17, 
A dedicated centrlfuge and fllter press system IS used to perlodlcally clean 
transformer 011 Paper fllters and resldue from the transformer 011 cleanlng 
system are burned onslte, 
According to the Dlrector, agr~cultural facllltles upstream of the HPP add a lot of 
soil, manure, and other wastes to the Hrazdan Canal The HPP employs a 
self-cleanlng bar screen devlce to remove accumulated debrls prior to the 
HPP's Intake system The accumulated debrls IS stored onslte, 
So11 samples for PCB analysts were taken In the bulk 011 storage area The 
transformer area IS concrete l~ned and does not contaln so11 

3 5 3 PCB TESTING 

Arzm HPP has two (2) concrete transformer yards No so11 was avallable for 
test~ng at the transformer yards Instead, an 011 storage area was Inspected 
F~gure No 3 5-1 represents the layout and PCB sample locations The 011 

storage area conslsts of four (4) 011 tanks, two (2) for transformer 011 and two (2) 
for turbrne 011 A total of two (2) samples were taken (Samples AH1 and AH2) at 
the 011 storage area 
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Testlnq Results 

Following IS the summary of analytical testlng 

Note Slnce the concentrat~ons In sample AH2 are very low to begln w~th, a 
strong correlatlon cannot be made between Aroclor 1254 and the 48 
congeners determined from the "flngerprlnt~ng" analysls However, the sum 
total of the 48 congeners accounts for 94% of the concentratlon of Aroclor 
1254 Therefore, In hlgher concentratlon samples a strong correlatlon can be 
made between Aroclor 1254 and the 48 congeners 

Sample No 
AH1 
AH2 
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Results In PPM (mglkg) 
<O 16 
0 18 

10 PPM Test 

Aroclor 1254 - Addltlonal "flngerpr~ntlng" 
analys~s for 48 PCB congeners y~elded a 
total PCB concentratlon of 0 0304 mglkg 
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3 6 GUMUSH HPP 

3 6 1 INTRODUCTION 
Gumush HPP was vlslted for the assessment portlon of the program on 14 
August 1997 Preliminary inspect~ons took place in October 1996 A meetlng 
was held with Mr Targom, Facility Dlrector Mr Targom also escorted the 
assessment team on a tour of the facility 

3 6 2 OBSERVATIONS 
The Gumush HPP has experienced three emergencies due to landslides in the 
past The most recent event occurred in 1995 when a landslide destroyed most 
of the emergency spillway (See Photo No 18) The Landslide effectively created 
a "plug" In the Hrazdan River causing massive flooding and destruction at the 
facility The facility has been cleaned and placed back in partial service Due to 
the absence of the emergency spillway the facllity cannot operate more than one 
turbine at a time for safety considerations An international tender was issued to 
reconstruct the spillway Eight companies have submitted bids and a 
decision/award was expected in September 1997 Funding for the project is 
being arranged through the Hrazdan Cascade Management Organization 

The facillty receives its operating water supply from an 18 kilometer channel 
originating at the Hrazdan Canal and the facillty discharges to the Hrazdan River 
On 14 August the initial flow drawn off the main Canal was 32 m3/sec of which 
9 5 m3/sec was diverted for local agricultural needs and 22 5 m3/sec was 
directed through the turbines 

The following observations or statements are of note 

3 6 2 1 Water Issues 

As per original deslgn the facllity currently discharges its untreated sewage into 
the Hrazdan River, 
The transformer area IS above and adjacent to the Hrazdan River All oil spills, 
leaks, and ralnwater from the transformer area are directed to the River as per 
orlglnal design (See Photo Nos 19 and 20) 
On 14 August the faclllty was generating 56 MW of electrlclty with a 
corresponding flow of 22 5 m3lsec through the turblnes The capacity of 
Gumush HPP is 21 1 MW and self-consumption of electricity is approximately 2 
MW 
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3 6 2 2 Resldual Manaqement Issues 

According to the Director, there are several v~llages along the length of the 18 
km channel whlch suppl~es operating water to the HPP The fac~llty has had 
problems w~th garbage and debrls In the Intake water and employs a 
mechanical net system to Intercept thls debrls The resldual materlal removed 
from the net system IS e~ther reused (e g , wood) or IS placed In a pit and 
burned onslte, 
Prlor to the most recent landsllde, the faclllty used two centr~fugelfllter press 
systems to clean turblne 011 and transformer 011 The 011 cleanlng systems were 
lost as the 011 treatment facll~ty they were located In was washed away In the 
landsl~de Prlor to the landsllde, 011 treatment residuals were stored In a tank 
and sent offslte for reuse Spent paper fllters were burned onslte The HPP IS 

currently rebulldlng the 011 treatment faclllty and has been using a moblle 011 

treatment system wh~ch vls~ts the HPP once per year, 

3 6 3 PCB TESTING 

3 6 3 1 PCB Testlnq Locat~ons 

Gumush HPP has one transformer yard Flgure No 3 6-1 represents the layout 
and PCB sample locations The yard consists of thlrteen (13) transformers All, 
but two (2) transformers were In operat~on dur~ng the assessment A total of two 
(2) samples were taken (Samples GHI and GH2) at the non-operating grld 
connection transformers Nos 13 and 9 

3 6 3 2 Testlnq Results 

Following IS the summary of analytical testing 

Burns and Roe Enterprrses, Inc U S Agency for lnternatronal Development 

Sample No 
GHI 
GH2 

Results In PPM (mglkg) 
2 79 
1 7  

Comments 
Aroclor 1254 
Aroclor 1254 
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3 7 ABOVIAN UNDERGROUND NATURAL GAS STORAGE FACILITY 

3 7 1 INTRODUCTION 
The Abovian storage facility uses 16 bedded salt caverns, which are in various 
stages of availabil~ty, for natural gas storage Storage operations at the s~te were 
begun in 1966 Some of the Abovian gas storage wells were harmed by the 
1988 earthquake A comprehensive Report detailing inspection and 
maintenance requirements at the facility was issued in March 1997 for USAlD 
Delivery Order No 20 and is entitled Natural Gas Storaqe and Transmission 
Svstem Rehabilitation Program by Burns and Roe's subcontractor, International 
Gas Consultants, Inc 

As part of the August 1997 site assessment activities, the assessment team 
vis~ted the Abovian facility to review operations and to check on the status of 
recommendations detailed in the above mentioned Report Prior to meetlng Mr 
Markalian, the Chief Engineer of the storage facil~ty, the team had a brief 
meeting with Levon Mikaelyan, Deputy Head of Foreign Affairs at Armgazprom 
Mr Markalian escorted the team on a tour of the Abovian facility and compressor 
station 

3 7 2 OBSERVATIONS 
The following observations or statements are of note 

3 7 2 1 Air Issues 

The Ministry of Environment conducts inspections at the facility with regard to 
leaks and emissions from the facility The inspection department "performs 
some calculations of leaks and emissions which are compared to various 
standards" and then issues an operating certificate The operating certificate is 
valid for a 2 year period The Abovian facility was undergoing the 
recertification procedure in August 1997 According to facility personnel, 
Abovian "has complied with the established norms 100% in the past " A copy 
of the "established norms" was unavailable, 
According to the Chief Engineer, leaks of natural gas occur primarily when the 
compressors are in operation After compressor operation has been 
completed, the facility performs "techn~cal dramage" of the upstream and 
downstream llnes Thls "techn~cal drama e" whlch IS vented to the 9 atmosphere, releases approximately 50 m of natural gas from each 
compressor, 
Once gas is in storage, the facility conducts daily walkdowns of active storage 
areas for leak detection No leak detection equipment is used, instead, 

- - - - -- - - - -- -- -- - 
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Inspectors rely on smell and sound to detect leaks An offlclal log book IS 

malntalned for leak lnspectlon actlvltles Previously supplled USAlD leak 
detectlon equlpment IS belng used to Inspect the maln gas dlstrlbutlon llnes for 
leaks The Chlef Englneer stated a need for leak detectlon equlpment 
speclflcally ear-marked for the Abovlan faclllty, 

.The facllrty uses gas-flred compressors whlch, accord~ng to faclllty 
representatrves, "dlscharge a large amount of CO " Also, the compressors "are 
burnlng a lot of 011 " The Chlef Englneer stated that he would have good use of 
a mult~gas (CO, SO2, NO,) mon~tor to measure the compressor emlsslons, 
Asbestos 1s only used to Insulate the compressor exhaust manifolds Asbestos 
IS requested as needed and IS not stored onslte 

3 7 2 2 Water lssues 

Brlne storage IS, potentially, a major water quallty Issue at the Abovlan fac~llty 
Prevlous users of brlne (salt productlon and chemlcal facllltles) are no longer 
taklng dellverles due to reduced productlon needs Onslte brlne storage 
facllltles at Abovlan are nearly full Four 1000 m3 tanks are full, Of three 
storage wells - One well IS 100% full - One well IS 50% full - One well IS 30% 
full The faclllty currently has approxlmately 75,000 m3 of brlne in storage The 
faclllty part~ally completed a brlne storage pond but currently lacks the funds to 
complete the project (approxlmately $US 1 Mln needed) Prevlous lnspectlons 
of the faclllty noted leaklng brlne transmlsslon plpellnes, 
The faclllty has no olllwater separators The faclllty generates oily water durlng 
maintenance actlvitles and occas~onally through leaks and spllls Thls oily 
wastewater "IS discharged to the Hrazdan Rlver because (they) have no use for 
~t (onslte) " 

3 7 3 OTHER ISSUES 
A number of environmental, safety and health (ES&H) related lssues are 
dlscussed In the lnternatlonal Gas Consultants, Inc (IGC) Report referenced 
above As part of the August 1997 assessment, the status of several ES&H 
lssues were dlscussed to see ~f the facll~ty had taken any actlon on them The 
lssues dlscussed below contaln subject page references to the March 1997 
version of the IGC Report All lnformatlon IS current as of the 19 August 1997 
slte vlslt 

Compressor unlt safety devlces (IGC pg 10) contlnue to be nonfunctional The 
faclllty ~nltlated repair of these Items but ran out of fundlng, 
No dew po~nt measurement devlce (IGC pg 10) has been Installed No actlon 
or procurement plans have been made through USAlD or Independent flnanclal 
sources, 
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Wlth regard to upgrading the testlng laboratory (IGC pg 20), the facllity 
recelved a new gas chromatograph through USAlD 
No contingency plans have been developed for brlne storage, 
Wlth regard to well and cavern inspections (IGC pg 33) - The caverns that 
currently contaln brine were (according to faclllty representatlves) most 
detrimentally affected by the 1988 earthquake Slnce the facillty has no place 
to put the brine, these caverns cannot be Inspected In caverns that do not 
have brine - the facllity performs maintenance on these areas but lacks the 
fundlng to Inspect them, 
Wlth regard to freshwater cooling pumps (IGC pg 32) - Four new pumps are 
be~ng delivered as part of the USAID spare parts assistance 

4 0 LOCATION OF SENSITIVE ENVIRONMENTAL RECEPTORS 

Slnce the focus of thls Report IS the environmental effects from the electrical 
energy production sector that are most llkely to impact the health and safety of 
the Armenian people, the primary receptors are recreatlonal users of the Canal 
and Rlver, foodstuffs and consumers of those products that receive lrrigatlon 
water from the Hrazdan Rlver and Canal, all power plant personnel, and, 
potentially, local and dlstrlbuted water supply systems 

As was witnessed In the August 1997 slte visits, scores of individuals were 
observed flshlng and swlmming along and wlthln the Hrazdan Rlver At the 
Hrazdan HPP, chlldren were observed dlvlng Into the lower reservoir lmmedlately 
downstream of the turbulent discharge waters Currently, dllutlon may be 
mitigating adverse Impacts to recreatlonal users of the Rlver from sewage-borne 
contamlnants and thew associated illnesses No warnlng signs were Installed 
along the Hrazdan Rlver In the areas that the assessment team vlsited 

As discussed In Section 2 4 2 2, a portlon of the Hrazdan Canal IS used 
throughout the Cascade system for lrrlgatlon purposes The flnal destlnatlon of 
the Canal is the Ararat Valley lrrlgatlon system As previously noted, raw 
sewage, 011 and PCB contammated wastewater and nominally treated waste 
technical water IS discharged to the Hrazdan Canal and the Hrazdan Rlver 
Slnce current discharge practices have been occurring for decades, ~t IS 

postulated that an overall Increase of organlc and lnorganlc contamlnants may 
be measurable on lands recelvlng lrrlgatlon water from the Canal and Rlver 
Threshold llmlt values may or may not have been exceeded which would have 
an overlying heath Impact to farm workers and, depending on the crop, 
consumers of foodstuffs 
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-- - - - 

Power plant personnel are at rlsk at each of the assessed facllltles due 
unrestr~cted exposure to asbestos, PCBs and reslduals of PCB combustion 
According to the USEPA, there are a number of adverse health effects 
assoclated wlth PCBs Tests on anlmals show that PCBs can harm reproduction 
and growth, and can cause skln leslons and tumors When PCB fluld IS partially 
burned - as ~t may be In a transformer flre or when paper fllters and reslduals of 
transformer 011 cleanlng systems are ~gn~ted - the PCB flu~d produces by- 
products, whlch Include polychlor~nated dlbenzodloxln and polychlor~nated 
dlbenzofurans (dioxins and furans), that are much more toxlc than the PCBs 
themselves Tests on rats show that furans can cause anemla and other blood 
problems D~oxln 1s assoclated w~th a number of health rlsks, and has been 
shown to cause cancer of the Ilver, mouth, adrenal gland, and lungs In laboratory 
anlmals 

In addltlon, The World Health Organlzatlon, In ~ t s  Flftleth World Health Assembly 
whlch met In Geneva In May 1997, adopted a resolution on the promotron of 
chemlcal safety, wlth speclal attention to persistent organlc pollutants (POPs), 
lncludlng PCBs POPs are compounds that reslst photolyt~c, chemlcal and 
blologlcal degradation and are characterized by hlgh llpld solub~l~ty, whlch results 
In accumulat~on In fatty tlssues of llv~ng organisms The lnternatlonal 
Programme on Chemlcal Safety (IPCS) has carrled out a tox~colog~cal 
assessment of twelve persistent organlc pollutants whlch Includes PCBs and ~t 
concluded that there was suff~clent ev~dence to demonstrate the need for 
lnternatlonal actlon on these substances 

Current International llm~ts for PCBs and Dloxln are included below as Tables 
4 0-1 and 4 0-2 
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Table 4 0-1 
Selected PCB lnternat~onal Regulatory L ~ m ~ t s  

Levels In So11 (mglkg) 

USEPA 
Average US State L~mlt 

Canada 

0 5, 
5 

Notes 
1 - TWA = T~me-welghted average the average concentratron for normal 8-hour work day and a 
40-hour work week to wh~ch nearly all workers may be repeatedly exposed wlthout adverse effect 
2 - Perrnlss~ble cleanup levels In so11 are surface so11 concentrations Llm~ts are glven In the 
following order Resldentlal Ilm~t, Agr~cultural Ilrn~t, lndustrlal llmlt 

- A dash "-" or nla means no established llmrt 
- PCBs are typ~cally expressed as Cl2H6CI4 

England 
Japan 
Germany 
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0 5 - 1  0 
- 

- 

0 5 - 1 0  
0 01 

- 

0 000044 
0 28 

0 001 

- 
0 6, 
n/a, 
4 2 
5, 

0 5, 
50 

- 
- 
- 

- 
0 2, 
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Table 4 0-2 
Selected D~oxln internat~onal Regulatory L~m~ts  

USEPA 
Average US State Llm~t 

Canada 

Germany 

Amb~ent Air 
Annual Average 

(u glm 3) 
- 

0 000015 

Dr~nklng Water 
(ug/l) 

Perm~ss~ble Cleanup 
Levels In Sorl (mglkg) 

Notes 
1 - Perm~ss~ble cleanup levels In so11 lrmrts are grven In the follow~ng order Res~dent~al I~mrt, 
Agr~cultural Ilm~t, lndustrral l~rn~t 
- A dash "-I' or nla means no establ~shed l ~ m ~ t  
- D~oxrn IS typ~cally expressed as C12H4C1402 
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Asbestos was present at all facllltles assessed The carclnogenlty of asbestos to 
exposed lndlvlduals 1s well documented In addltlon, llnks to workplace exposure 
and subsequent exposure to fam~ly members due to asbestos flbers on work 
clothes IS a very real danger 

Asbestos regulatory llmlts are prlnted below In Table 4 0-3 

Table 4 0-3 
Selected Asbestos lnternatlonal Regulatory Llmlts 

USA (NIOSH) 
Average US State Limit 

I I I 

Notes 

Australla 
England 
Israel 
Germanv 

1 TWA = T~me-we~ghted average, the average concentration for normal 8-hour work day and a 
40-hour work week to whlch nearly all workers may be repeatedly exposed w~thout adverse effect 
- NIOSH = Nat~onal Institute for Occupational Safety and Health 

100 
- 

Local and dlstr~buted water supply systems may be at rlsk due to storage, 
handllng and dlsposal practlces at the faclllt~es assessed Unfortunately, mlnlmal 
lnformatlon regarding the locat~on of publlc and prlvate potable water supply 
sources was available to the assessment team 

1 00 
200 
400 
250 

4 1 SUMMARY AND PRIORITIZATION OF ENVIRONMENTAL ISSUES 

- 
5 3 rnllllon 

fl bers/L 

Tables 4 1-1 through 4 1-4 have been provlded to prlorrtlze the environmental 
rlsks perceived from qualltat~ve Inputs based on observed practlces at the sltes 
Although a formal r~sk assessment was not conducted as part of project 
actlv~tles, nor was there sufflclent data to support such an undertaking, the 
following Tables have been assembled based on the observations and 
judgement of assessment staff and senlor project management 

- 
1 0  

- 
- 
- 
- 
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-- 

Table 4 1-1 
(Contrnued) 

Legend 
- major concern 

0- medran concern 
0 - mlnor concern 
nd - not determ~ned 
na - not appl~cable 

Burns and Roe Enterprises, lnc U S Agency for lnternatronal Development 



F~nal Technrcal Report ENVIRONMENTAL ASSESSMENT 
OF ARMENIAN ENERGY SECTOR 

Table 4 1-2 
Recommended Correctwe Measures I 

M Burns and Roe Enterprrses, Inc U S Agency for lnternatronal Development 

Env~ronmental Cond~t~on 
OPERATIONS 

PCB lssues 
Lack of knowledge of PCB presencelhazards 

Burning of transformer oil res~duals 

Disposal of transformer oil res~duals 

Water lssues 
Discharge of untreated sewage 

Correctwe Measure 

Institute onsite PCB Awareness and Handling Tralning Initlate testing of transformer 011 for PCBs at all 
switchyards whlch w~ll be rehabrlltated under the World Bank project 
Due to dioxln concern - Mlnistry of Energy should Issue a "Cease and Desist" Order ~mmed~ately to eliminate 
thls activity 
Development of a comprehensive Energy Sector Solld Wacte Management Plan Containerize residuals onslte 
untll final disposltlon is determined 1 

ln~tiate a Point Source Inventory Study for the Hrazdan Rlvfjr and Hrazdan Canal This Inventory will assist in 
the subsequent Scope of Work development for future infr~lstructure ~mprovements 

Wastewater discharges impact on agriculture [ 
Include sampllng of agricultural soils 

Wastewater discharges Impact on fisheries Determine quantlty and qual~ty of wastewater drscharges and estimate effects Develop monitoring programs to 
and recreat~on Include sampling of river sediments 
Lack of olllwater separators Procurement of and operator trainlng on low maintenance olllwater separation equipment This equ~pment 

should meet or exceed any antici~ated water quality d~scharge standards 
lnefflcient olllwater separators Procurement of and operator tralnlng on low maintenance olllwater separation equipment Thls equipment 

s h o u l d m e e t a  rge standards 
Treatment and dlsposal of techn~cal water Determine quantity and quality of wastewater discharges and estlmate effects Include new treatment regime 

provision In long term power plant rehabilitation planning 
Lack of actual water emissions monitoring Develop monitoring programs in conjunction with the Mlnisiry of Environment Determ~ne equ~pment needs 

frequency of measurements, etc 
Air Issues 

Impact of air emissions Determine quantity and quallty of air emissions and est~ma e effects Adopt an appropr~ately modifled USEPA J air model Compare modeled and expected Impacts wlth vailable amblent air data to reflne air model and 
establish a basis for impact assessment of new and exlsting enterprrses 

Flue gas duct Integrity Include provlslon to replace ducts in long term power plant rehabllltatlon planning 
Lack of actual air emrssrons mon~torlng Develop monitorrng programs rn conjunction with the Mlnistry of Environment Determ~ne equipment needs 

frequency of measurements, etc 
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Table 4 1-2 (Cont~nued) 
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Env~ronmental Condltlon 
Solld Waste Issues 

Burnrng of solrd waste 
Disposal of solid waste 

Other lssues 
Structural rntegrity of spillway(s) 

Asbestos storage practrces 

PCB SOIL CONTAMINATION 
1 - 10 PPM 
> 10 PPM 

SECONDARY CONTAINMENT 
Transformer oil leaks/sp~lls into water bodres 
Transformer oil leakslsprlls onto soils 
Mazut leaks/spills into water bodies 

Mazut leaks/sprlls onto soil 
Bulk liquid (chemicals, 011, etc ) leaks/spills 

MANAGEMENT 
Spill responselmanagement plans 
PCB management plan 

PCB oil and residual materials d~sposal 

Asbestos management procedures 

Correctwe Measure 

The Mrnrstry of Energy should Issue a "Cease and Desist ' Order immediately to elimrnate thrs activity 
Development of a comprehensive Energy Sector Solid Waste Management Plan 

Crvrl engineering surveys are requrred to assess the current conditrons and integrrty of all HPP spillways as well 
as actrve discharge revetments 
lnstrtute onsrte asbestos awareness and handling trarn~ng Initiate relocatron and low-cost reconstruction (e g , 
modular burldrng) of asbestos storage areas 

Initiate srte assessments to further define the extent of PCB contamrnatron 
lnrtiate site assessments to further define the extent of PCB contamination and support development of 
remedratron plan 

Immediately block (seal) transformer area drarnage points whrch drscharge directly to water bodies 
Rehabilitate existrng structures OR provrde structurally sound secondary containment 
Rehabilitate exrstrng structures OR provrde structurally sound secondary containment AND procure orl/water 
separation equipment for mazut condensate treatment 
Rehabilrtate existing structures OR provide structurally sound secondary containment 
lmmedrately block (seal) bulk lrquid storage area drainage points whrch discharge directly to water bodres 

Develop site specific Spill ResponseIManagement Plans for all energy sector facilities 
Develop and implement a phase out program as outlined in Section 5 2 1 of the Envrronmental Assessment 
Report 
Adoption, by the Ministry of Environment, of an overall hazardous materials treatment, storage, and drsposal 
protocol/management plan to rnclude possible arrangements with other FSU Republics on PCB contaminated 
materials disposal 

Ministry of Energy should develop a formal Asbestos Management Program to include, at a minimum trarning 
and onsite avarlability of personal protective equipment 
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Table 4 1 -3 
Recommendat~ons For Pr~orltlzatlon of Envlronrnental Issues 

Notes * - Numerical rank IS based on a sum of the concerns presented In Table 4 1-1 as follows 
- major concern = 3 "points" 0 - median concern = 2 "points" 0 - minor concern = 1 "polnt" 

Thls subjective ranklng IS based on lnformatlon available at the tlme of the Issuance of the Flnal Envlronrnental Assessment Report 
- Some "not determined " issues may have greater health and safety consequences than hlgher ranked Issues 
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Table 4 1-4 
Recommendatrons For Prrorrtrzatron of Envrronmental lssu 

Notes * - Overall Issue Rank 1s based on a sum of the concerns presented In Table 4 1-1 as follows 
- major concern = 3 "points' 0 - median concern = 2 "points" 0 - minor concern = 1 "polnt" 

- Thls subjective ranklng IS based on information available at the time of the Issuance of the Draft Environmental Assessment Report 
- Some "not determined " issues may have greater health and safety consequences than h~gher ranked Issues 
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5 0 RECOMMENDATIONS 

5 1 DATA COLLECTION AND MANAGEMENT 

Slnce no guldance documentation was found In Armenla regarding data 
collectlon and management wlth regard to envlronrnental contamlnatlon studles, 
the followlng Sectlon provldes an overvlew of recommended slte lnvestlgatlon 
data collectlon and management crlterla 

A slte lnvestlgatlon IS conducted to determlne the nature and extent of 
contamlnatlon on site, evaluate the envlronrnental and publlc rlsk assoc~ated wlth 
contamlnatlon and support the development of a remedlal actlon to clean-up the 
slte Physlcal and chemlcal data as well as s~te background lnformatlon collected 
durlng the site lnvestlgatlon and regulatory guldel~nes ldentlfled durlng the project 
plannlng stage will drlve the selection, des~gn, and lmplementatron of the 
remedlal actron 

Thls approach IS illustrated In Flgure 5 1-1 and conslsts of the followlng major 
tasks 

Development of Work Plan -- The Plan will deflne the technical approach for the 
slte, costs for ~nvestlgatlon, and determlne project respons~b~lit~es It shall Include 
sampllng and analysls, quallty assurance/qual~ty control measures, and health 
and safety measures 

Revrew of Existmg Srte Informatton -- Thls IS done to develop a prellmlnary rlsk 
assessment and to help In the sampllng and analysls The lnformatlon collected 
In thls stage shall help to ldentlfy and establish baselme soil, water and ground 
water characterlstlcs 

Risk Assessment -- The Assessment will provlde the baselrne rlsk analysls for a 
no-actlon alternative and glve guldance In evaluating whether remedlal 
technologies considered for the slte will meet health and envlronrnental goals 
established by the project The Assessment IS based on the type and extent of 
contamlnatlon, potentlal migration pathways, dlstance to potentlal receptors, and 
the effect thls contamlnatlon may have on a receptor Figure 5 1-2 prov~des the 
loglc beh~nd the rlsk assessment approach 

Development of Project Plans -- Plans typically developed are the Sampllng and 
Analysls Plan, QA Plan, Health and Safety Plan The Sampllng and Analysls 
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Plan (SAP) should be developed for any site investigation where fleld work shall 
be conducted The plan provides site specific guidance on sampling methods 
and design, location and number of samples, QA protocols, lab analysis and 
data reporting, and health and safety procedures The following items shall be 
reflected in the SAP 

Sampling objectives and Scope 
Standard operating procedures for sampling 
Instrument calibration procedures 

0 Sampling equipment spec~fications 
Number, location and types of samples 
Analysls to be performed on a sample 

A QA Plan shall contain the requirements for all field activities and laboratory 
procedures A Health and Safety Plan (HSP) is prepared to insure that all safety 
aspects of site operations are thoroughly examined prior to commencing field 
work 
Data Evaluatron -- Analytical procedures for PCB analysis are available from 
various organizations, including USEPA, ANSI, ASTM, FDA, and others 
Selection of an analytical method for determination of PCB concentration In soil 
depends on the following criteria 

Detection level required 
Clean-up objectives 
Required country regulations governing site clean-up 
Site specific clean-up goals 
Analysis cost and timeframe 

Analysis in the field can be used for preliminary site assessments to determine 
the presence or absence of PCBs on site In this case, the field analysis is used 
as a screening tool provid~ng qualitative results, rather than a method for 
determining the exact nature and concentration of on-site PCB contamination 

A detailed data evaluation is conducted for data generated during the site 
characterizat~on The existing conditions and the environmental assessment data 
are combined and evaluated to assist in data sorting and trend tracing Data, in 
this case, would rnclude descriptron and quantrfrcation of contamrnants, 
contamrnant vertrcal and horrzontal drstrrbutron, chemrcal characterrstrcs of the 
pollutant and rts mrgratron path 
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F~gure 5 1-1 
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F~gure 5 1-2 
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5 2 NON-STRUCTURAL MANAGEMENT RECOMMENDATIONS FOR 
ENVIRONMENTAL PROTECTION 

The following Section will make recommendations for non-structural solutions to 
the highest ranked environmental priorities The recommendations will focus on 
management strategies that will aid in reducing impacts from the electrical 
energy production sector The development of non-structural management 
opportunities for reducing both discharges and the potential for discharges IS 

often more cost effective than structural emission control and treatment systems 

Although the Ministry of Energy may need to buy off on the proposed 
management programs outlined below, cooperation may be ensured via a link 
between programmatic ES&H ~mprovements and faclllty mechanical investment 

5 2 1 PCB SPILLS, USE AND MANAGEMENT 

The following recommendations will enable facility managers to reduce and/or 
eliminate future discharges of PCB contalnlng materials and begin to phase out 
the current stockpile of PCB containing transformer oil 

1) Since facility managers and power plant employees are unaware of the 
presence and hazards of PCBs at their facilities, education and familiar~zation 
should be the first step In addressing PCBs An onsite PCB awareness seminar 
at each facility to include the Director, Lead Engineer and transformer yard 
maintenance personnel as well as presentations on fate-transport scenarios of 
PCBs would develop appropriate "stakeholder" dedication on the part of the 
participants Appendix F presents an example outline of such PCB trainlng 

2) Implementation of spill response plans primarily addressing transformer oil but 
modularly expandable to include other onslte liquids should be the second step 
These plans can be based on generic spill response plans with site specif~c 
mod~fications agreed to and debated among seminar attendees to ensure 
implementation and workability at each facility Once a consensus is reached 
and roles and responsibil~ties assigned, additional steps may include closure of 
drainage channels at transformer yards and other low cost methods to reduce 
migration of existlng contaminants All above mentioned items can be 
highl~ghted during the PCB awareness seminar if such activities are authorized 
by USAlD 
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3) The most dlrect way to begln to phase out PCB contalnlng transformer 011 1s to 
lnstltute acceptance testlng at the facllltv level via onsite lmmunoassay test klts 
prlor to unload~ng/recerv~ng transformer 011 Current standards (GOSTstandard) 
In the electrlcal energy productlon sector prohlblt PCB addltlves In transformer 
011 Reliance on such a broad based standard has obviously not worked since 
PCBs were detected In various degrees at all assessed facilltles Therefore, 
slmple and low-cost testlng of each transformer 011 delivery would eliminate 
addrtlonal PCBs from coming Into the fac~lltles Appropriate training sesslons for 
use of the test kits could be conducted wlth appropriate plant personnel ~f such 
actlvltles are authorized by USAlD 

4) As part of the PCB phase out program, a testlng and tagglng procedure could 
be employed to ldentlfy PCB and non-PCB contaming transformers For 
example, as malntenance IS performed or equipment IS upgraded In transformer 
areas, a dated tag could be afflxed to non-PCB contalnlng equlpment Llkewlse, 
as production unlts are off-line for malntenance and repalrs, associated 
transformer banks could be tested for a threshold value of PCBs and 
appropriately tagged In thls way, the gradual ellmrnatlon of PCBs from electrlcal 
productlon facllitles becomes a manageable Issue The same lmmunoassay test 
klts discussed In Item 3) above could be used to test the transformer oil 

5) One obvious deficiency In the management of PCBs In Armenla 1s the 
absence of hazardous waste faclllties to recelve and safely process PCB 
containing materials Establishment, through the Mlnlstry of Energy, of a faclllty 
capable of safely dlsposlng of PCB contalnlng materlal IS one option Appendix 
G outllnes the U S approach to ellmlnatlng PCBs and presents current 
technologies available to remedlate and destroy PCBs 

5 2 2 UNCONTROLLED DISCHARGE OF RAW SEWAGE 

In addltlon to physlcal Improvements outllned In subsequent sections, a point 
source Inventory IS recommended to establish all exlstlng energy productlon, 
rndustr~al, agricultural, and mun~c~pallv~llage drscharges to the Hrazdan Rlver and 
Canal Such a study would be requlred to enumerate regional contrlbutors In 
order to fully understand the scope of necessary Infrastructure lmprovements It 
IS antlclpated that power and lndustrlal sector sources are the major contrlbutors 
of effluent to the Hrazdan Rlver and Canal 

The locatlon and capac~ty of exlstlng sewage treatment works In the reglon and 
capltal lmprovements requlred thereln would also be cataloged Exlstlng 
lnformatlon sources would be ground-truthed so reallstlc predictions and plans 
could be made Loglcal groupings of electrlcal energy productlon facllltres wlth 
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associated villages and other lndustrles may offer a cost effectlve benefit to all 
partles 

The current volume of flow has evidently dlluted the discharged sewage to the 
polnt that ~t has not affected recreational and agricultural use of these waters 
However, ~f flow of the Hrazdan Canal or Rlver IS reduced as part of the Lake 
Sevan restoration effort, serlous health Issues may arise in the communities 
bordering the Canal and River 

As the World Health Organlzatlon states "Lack of a supply of safe water and 
adequate means of sanitation IS blamed, at least In part, for as much as 80% of 
all dlsease In developlng countries Contammated drlnklng water IS a prime 
cause of diarrhoea1 disease - a major klller of Infants and young chlldren It also 
costs many millions of working days each year for adults and massive 
expenditure on health care Cholera epidemics, frequently also transmitted by 
unsafe water, are on the Increase, aggravated by the rapldly growing populations 
In urban settlements Great strldes have been made In the last ten years In 
developlng low-cost solutions and sustainable community management 
approaches, so governments have all the tools they need to Implement cost- 
effectlve programmes for Improved water supplles and sanitation facllltles, 
benefiting health, the environment and the natlonal economy " 

5 2 3 ASBESTOS USE AND MANAGEMENT 

Slnce ellmlnatlng the use and presence of asbestos or asbestos containing 
materials (ACM) IS currently not a feaslble alternative, Informed use, 
maintenance, and handllng of ACM IS the most cost effectlve way of reduclng 
health Impacts due to ACM 

1) Since faclllty managers and power plant employees may be unaware of the 
hazards of ACM at thew facllltles, education and famillar~zatlon should be the flrst 
step In addressing ACM An onslte ACM seminar at each faclllty to Include the 
Director, Lead Englneer and approprlate malntenance personnel would develop 
approprlate "stakeholder" dedlcatlon on the part of the partlclpants Semlnar 
toplcs would Include health and safety Issues, lntroductlon to personal protective 
equipment, handllng and storage At all facll~tles, a prellmlnary meetlng would be 
held wlth facillty management to establ~sh need and consensus on revlsed 
storage and handllng agreements wlth regard to ACM Appendlx H presents an 
example outllne of such ACM tralnlng 
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2) A modest Investment In slgnage and personal protectwe equipment would be 
requlred to Implement the above recommendat~on 

5 3 RECOMMENDATIONS FOR PHYSICAL IMPROVEMENTS 

The followlng Sectlon will present general recommendat~ons wh~ch are 
appllcable to all electrlcal energy productlon facllltles assessed and speclflc 
recommendat~ons on a site by slte baas Although all of the electrlcal energy 
productlon faclllt~es In Armenla were not vlslted as part of thls assessment, ~t IS 

belleved that current operating pract~ces at the facllltles not vlslted are slmllar to 
practices at the assessed sltes Therefore, the following general 
recommendat~ons may be appllcable to the entlre ArmenIan electrlcal energy 
productlon sector 

5 3 1 GENERAL RECOMMENDATIONS 

5 3 1 1 Uncontrolled Dlscharqe of Raw Sewaqe 

Upon completion of the study outllned In the Non-structural Management 
recommendat~ons, energy productlon facllltles will need to segregate currently 
commingled wastewater Onslte Infrastructure improvements to Isolate sewage 
waste streams would be a prerequlslte to a connection to a treatment works 
Opportunltles to "bundle" treatment works needs wlth others In slmllar need 
(villages, lndustrles, etc ) would greatly decrease the Impact these wastewaters 
have on the Hrazdan Rlver and Canal and would allow for lnnovatlve fundlng 
scenarios Loglcal groupings could be made and slzlng and cost estimates 
would then be generated 

5 3 1 2 Uncontrolled D~scharge of 01lv Water 

As mentioned previously, all assessed HPPs lack olllwater separators and the 
assessed TPPs have olllwater separators that are lnefflclent and beyond thelr 
useful llfe The above d~scuss~on In the Non-structural management Sectlon 
regarding spill control plans and low cost measures such as block~ng drams will 
reduce nonsystematlc discharges to affected water bodles However, thls will 
not address 011 resldues In plant washdown water, oily water generated In HPP 
turblne halls, and other 011 contammated wastewater generated on a regular 
basls Good malntenance pract~ces would greatly reduce the 011 present In 
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cool~ng water Therefore, a manageable amount of regularly generated o~ly 
wastewater could be treated at fac~l~ties w~th appropr~ately s~zed o~llwater 
separators 

5 3 1 3 Overall Treatment of Techn~cal Water at TPPs 

The assessment team d ~ d  not evaluate water treatment pract~ces In deta~l The 
water treatment systems d~scussed below are used to treat lncomlng water for 
fac~l~ty Internal use such as bo~ler makeup water and heat~ng system makeup 
water In general, water treatment plants at both TPPs vlslted seemed to be In 
reasonable operat~ng cond~t~on Hrazdan TPP recently upgradedlrehabll~tated 
part of thew water treatment plant A typ~cal Sov~et era des~gn water treatment 
d~agram IS Included for general ~nformat~on purposes as F~gure 5 3-1 

Although not present at e~ther of the two TPPs v~s~ted, a Sov~et era des~gn for 
env~ronmental wastewater treatment IS Included as F~gure 5 3-2 Th~s des~gn IS 

Included for general ~nformat~on purposes as th~s  des~gn would be fam~l~ar to 
exlstlng plant personnel If cap~tal ~mprovements are cons~dered to augment the 
current lack of wastewater processing (only pH adjustment IS currently 
performed), a des~gn s~m~lar to F~gure 5 3-2 may be a pract~cal appl~cat~on 

5 3 1 4 Secondaw Conta~nment and Sp~llfLeak Manaqement of non-PCB 
Materrals 

W~th  the except~on of Arz~n~ HPP and Yerevan HPP Secondary conta~nment for 
bulk l ~ q u ~ d  mater~al storage requlres rmprovements Non compacted earthen 
berms In various stages of d~srepa~r typ~f~es the current secondary conta~nment 
cond~t~ons In the event of a large leak or catastroph~c occurrence, appropr~ately 
s~zed secondary conta~nment would restrain the flow of ruptured containers into 
water systems 

Secondary conta~nment of transformer yards at all fac~l~t~es needs to be 
evaluated 
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5 4 SITE SPECIFIC RECOMMENDATIONS FOR PHYSICAL IMPROVEMENTS 

5 4 1 YEREVAN TPP RECOMMENDATIONS 
Secondary contalnment In the mazut storage area lncludlng reinforcement of 
exlstrng earthen berms should be considered Secondary contalnment under 
the transformer areas IS In place, according to slte representat~ves, 
O~llwater separatlon needs and adaptablllty of piping Infrastructure should be 
further lnvestlgated 

5 4 2 YEREVAN HPP RECOMMENDATIONS 
The recovery wells underlying the transformer area should be properly closed 
In place, 
Secondary contalnment In the form of a monolrthlc concrete structure should 
be Installed around the bulk 011 storage area, 
Barrler containment In the form of concrete curblng should be Installed around 
the transformer yard Current condltlons at the slte (lack of space and the 
existence of a common transformer yard for both turb~nes) preclude lnstallatlon 
of a monollthlc concrete secondary conta~nment structure Such a secondary 
contalnment structure could only be Installed durlng a major shutdown and 
reconstruction scenario, 

Provlslon for a packaged olllwater separator should be further lnvestlgated at 
the fac~llty, 
The condltlon of emergency rellef channels/sp~llways should be lnvestlgated 

5 4 3 HRAZDAN TPP RECOMMENDATIONS 
According to faclllty representat~ves, wastewater discharges are currently over 
the llmlt for mazut Based on observations of the olllwater separatlon devlces 
In the mazut storage area, thls exceedence has probably been an ongoing 
problem Therefore, the provlslon for a packaged olllwater separator should be 
further lnvestrgated at thls fac~lity, 
Installation of the above-mentioned olllwater separator would preclpltate 
closure of the onslte settlement pond whlch would no longer be needed An 
environmental assessment of the settlement pond should be performed 
posslbly concluding wlth revegetatlon of the pond area In addltlon, the current 
underground temporary storage area for reclaimed mazut should be cleaned 
and closed and an above ground storage optlon be provlded 
Replacement of leaky ducts and rerouting of exhaust ducts to the new, 270 m 
stack should be further lnvestlgated Thts would Increase overall plant 
efflclency and reduce amblent workplace pollutant levels Currently exlstlng 
Feaslblllty Study documents prepared by the faclllty should be revlewed for 
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constructab~l~ty and cost estlmattng purposes In addltlon, an air dlsperslon 
modellng study should be conducted to ensure that the new deposltlon area 
from the 270 m stack IS env~ronmentally favorable, 
Secondary containment, establishment of concrete bases for storage tanks, 
and lntegrlty testlng of exlsttng tanks should be provlded In the transformer 011 

and turblne 011 storage area, 
Reclamation optlons for secondarylunburned mazut should be ~nvestlgated 

5 4 4 HRAZDAN HPP RECOMMENDATIONS 
Provlslon for a packaged olllwater separator should be further lnvestlgated at 
the faclllty, 
The structural Integrity of the emergency splllway should be lnvestlgated 

5 4 5 ARZlNl HPP RECOMMENDATIONS 
Seallng rings for the faclllty's globe valves should be prov~ded The cause of 
Inlet and outlet plpe leaks should be lnvestlgated Ellmlnatlng the causes of 
water lnf~ltratlon Into the factllty would Improve the correspond~ngly entrained 011 

concentration that IS currently belng discharged to the Hrazdan Rlver, 
Provlslon for a packaged o~llwater separator should be further lnvestlgated at 
the faclllty, 
In conjunction wlth the olllwater separator above, the feaslblllty of closure of 
the central dram collect~ng/d~scharge wells and the associated underground 
reservoir should lnvestlgated 

5 4 6 GUMUSH HPP RECOMMENDATIONS 
Provlslon for a packaged olllwater separator should be further lnvestlgated at 

the faclllty 

5 4 7 ABOVIAN UNDERGROUND NATURAL GAS STORAGE FACILITY 
RECOMMENDATIONS 

Leak detection equipment speclflcally ear-marked for the Abovlan faclllty 
should be provlded, 
Optlons for reclamation of the "technical dramage" of natural gas from the 
compressors should be lnvestlgated, 
Contingency plans for brlne storage should be developed Brlne transport 
plpellnes should be repalred Asslstance should be offered to flnd creatlve 
fundlng optlons for the unflnlshed br~ne storage pond 
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6 0 OTHER ISSUES OF ENVIRONMENTAL CONCERN 

6 1 SEVAN-HRAZDAN CASCADE ISSUES 

As part of general d~scuss~ons wlth Mr Mels Hakoplan, General Dlrector of the 
Sevan-Hrazdan Cascade, a number of Issues were rased regarding other 
facrlrtles whlch were not vrs~ted as part of the envlronrnental assessment Mr 
Hakoplan ralsed the followlng concerns 

At Sevan HPP - Exlstlng flsh protection devlces are In need of major 
reconstruct~on and currently have llmlted avallab~llty for use, 
At Kanaker HPP - Although an lntergovernrnental accord has been reached 
wlth Germany to provlde flnanclal assistance for equlpment refurbishment 
(approx $USD 5 4 Mln ), envlronrnental concerns are not belng addressed by 
thls loan and rehabllltatlon package Slgnlflcant 011 leakage IS reportedly 
occurring at the Kanaker facll~ty 

6 2 SWITCHYARD ISSUES 

Low level PCB contamlnatlon (0 1 to 4 4 ppm) was detected In solls below 
transformers and In so11 samples below transformer 011 storage tanks at the 3 
swltchyards whlch may be subject to rehabllltatlon by the proposed World Bank 
loan No PCBs were detected In the transformers sampled at the 3 swltchyards 
Two clrcult breakers at Marash and Spandroyan tested posltlve for PCBs (8 1 
and 120ppm, respectively) In addltlon to the general recommendat~ons made 
wlth respect to PCB contamlnatlon at the production facll~tles In Sectlon 5 2 1, 
the followlng polnts are recommended wlth respect to rehabllltatlon actlvltles at 
the swltchyards 

In consultation wrth lnternatlonal guldance documents and regulations, the 
Mlnlstry of Energy should develop a deflnltlon of acceptable PCB concentration 
In both 011 and so11 Unlted States Environmental Protection Agency (USEPA) 
guldance, for example, IS 50 mglkg for 011 and 5 mglkg for lndustrlal soll, 

An acceptance test~nglrnon~tor~ng program for PCBs In new 011 dellverles 
should be developed and Implemented at all MOE sw~tchyard facllltles Th~s 
would be done to el~mlnate PCBs from belng ~ntroduced Into new and ex~stlng 
equlpment, 
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Health and Safety PCB awareness tralnlng for management and operations 
and maintenance personnel as well as contractors lnvolved In the proposed 
rehabllltatlon Project should be conducted, 

Slnce ~t has been demonstrated that PCBs have been In hlstorlcal use at 
substation swltchyards affected by the World Bank Project, any c~vll works In 
the transformer areas will Impact exrstlng potentially contamlnated underdram 
collectlon and transfer systems Although these collectlon systems are, In 
many cases, not functlontng, they can be a source for accumulated past spllls 
of PCB contalnlng mater~als Therefore, all underdraln plplng, appurtenances, 
and associated 011 contamlnated solls should be tested for PCBs durlng lnltlal 
Project c1v11 works and handled/d~sposed properly The use of fleld test klts for 
both so11 and 011 appllcatlons may be a means to rapldly screen for the 
presence of PCBs Based on the experience of fleld testlng for thls 
Assessment, a detection llrnlt of 20 to 50ppm IS recommended, 

Opportunltles for low cost future hazard mltlgatlon should be Included In 
Rehabll~tatlon Project construction plans and spec~f~cat~ons as follows 

A) Any concrete work requlred as part of the Rehabllltatlon Project should 
Include provlslon for secondary containment development That IS, ~f a 
new concrete pad IS planned under an area whlch may be susceptible to 
spillage, the Project engineer should Include nomlnal add~tlonal concrete 
and forms for rased edges (20 - 30 cm) to reduce the ablllty for a future 
spill to migrate from the area, 

B) Provlslon should be made In the deslgn of the Project for 011 collectors and 
oll/water separation devlces to replace the exlstlng (In most cases, non- 
functlonlng) underdraln systems 

6 3 GENERAL ISSUES 

Although thls envlronmental assessment focused on envlronmental Impacts from 
the electrical energy production sector, several other env~ronmentally related 
Issues were observed or brought to the team's attention As a result of many 
kilometers logged throughout Armenla and offlclal and nonofflclal d~scuss~ons, 
the assessment team notes the following 

No current Infrastructure exists for the treatment, storage, and dlsposal of 
hazardous materials, 
Widespread use of pestlcldes has been reported by other sources, 
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The exlstlng Infrastructure for resldentlal and lndustrlal solld waste 
transportatlon and dlsposal appears lnefflclent Numerous plumes were 
observed In and around Yerevan as the result of solld waste belng burned, 
Amblent condltlons were excessively dusty In Yerevan durlng wlndy per~ods, 
Wlde use of lead plplng was observed for potable water dlstrlbutlon, 
The observed, widespread, unregulated dlstrlbutlon of petroleum fuels can 
contribute to non-point source discharges, 
The topography of the Yerevan region can llkely Increase the potentlal for 
atmospheric Inversions, 

Excessive air emlsslons and 011 leakage was observed In the transportatlon 
sector (espec~ally buses and commercial veh~cles) 
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Photo 6 - Yerevan TPP 
Outdoor Exhaust Ducts 

Photo 5 - Yerevan TPP 
Outdoor Exhaust Ducts 
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Contaminant 
Dust 
Sulfur D~oxlde 
Carbon Oxlde 
Nitrogen Dloxlde 
N~trogen Oxlde 
Chlor~ne 
Chloroform 
Formaldehyde 
Benzene 
Toluene 
Xylene 
Ethyl-Benzene 

Concentration Limlt (mg/m3) 
Slngle Event Maximum 

0 5 
0 5  
5 

0 085 
0 4 
0 1  
0 1  

0 035 
1 5  
0 6 
0 2 
0 02 

Annual Daily 
0 15 
0 05 

3 
0 04 
0 06 
0 03 

- 
0 003 

0 1 
0 6 
0 2 
0 02 
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X- matenals annual monthly concentmtron 
-"- matcrtrk max (valid for one uccasron) concentratron 
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t lazal dous Observation Average 
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conctntration 
(rnglnl ) 

1 2 3 
Y r r e ~  an 
I lust 6 0 4  
\ultur Dioude I I 0 0) 
C '11 bon O\ide I I 7 

Ntlto,cn Olo\idc 7 0 12 
Ntuo,cn O \ I ~ L  7 0 12 

Xhloi ine 7 0 02 
Cloi opt ene 7 0 003 
rormaldehide 9 0 042 
Benzene 
Toluol 
Vanadzor 
Dust 4 0 2 
Sulfur Dioxide 4 0 04 
Cat bon Oxide 4 3 
Ntlro,cn Dto\~de 4 0 06 
Aldterdt 
11llbt 7 0 1 
Sulfur D ~ o x ~ d e  2 0 02 
Cai bon Ox~de  2 I 
N iti ogen 3 0 03 
I)~o\icle 
Arnrdt 
Dust 
Sulfur Dioxide 2 0 01 
Carbon Oxide 2 I 
Nt l rog~n D I O \ I ~ L  2 0 04 
Yelevan TPP is sltuated w~thin Yerevan clty 

EY\'IRONMENT MONITORING CENTER 
ATMOSPHERE CONTAMINATION DATA IN RA 

(by years) 
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Observatlon Average 
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4 5 
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Observat~on Average 
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10 I I 
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RA Surface Water Contamlnatlon Data 

Water object 
observat~on point 
observat~on points 
location 

Water qual~tv Index Annual average concentration (mg/dmJ) 

1 
Hrazdan river- 

t Hrazdan 
Next to Geghamavan 

vlllage 

1992 
2 3 

Drssolved oxygen 

Aninion~um Ions 
Nltrates 
Nltrites 
Phosphates 

Weighted partlcles 
Copper 0 014 0 015 0 013 

Hrazdan r~ver- Dissolved o\ygen 8 0 7 9 8 1 
t Hrazdan 2 6 2 2 1 7  

d 5 km down the Anlmonium lons 0 89 0 29 0 08 
village N~trates 2 92 2 39 2 27 

N~trites 0 047 0 040 0 007 
Phosphates 0 06 0 09 0 1 1  

30 2 25 6 20 7 
Welghted particles 7 5 31 9 13 0 
Copper 0 013 0011 0 01 1 

Hrazdan rlver- Dissolved oxygen 7 9 8 5 7 7 
Lusahert river 2 5 1 6  2 8 

0 5 km down the Ammon~um lons 0 13 0 00 0 05 
village Nitrates 3 58 3 17 2 54 

N ~ t r ~ t e s  0 039 0 025 0 008 
Phosphates 0 06 0 10 0 09 

27 8 31 0 IS 6 
Welghted part~cles 7 0 32 9 16 5 
Copper 0 012 0 013 0 013 

Hrazdan river- Dissolved oxygen 10 0 7 9 8 2 8 5 7 6 
Yerevan citb 1 3  2 1 2 1 1 6  2 1 

0 5 km down the A m ~ n o n ~ u m  ions 0 15 0 76 0 07 0 00 0 03 
Arzn~  HPS Nitrates 4 94 4 51 3 38 3 35 2 41 

Nitr~tes 0 008 0 014 0 040 0 029 0 010 
Phosphates 0 09 0 08 0 05 0 I 1  0 08 

38 4 23 3 27 3 28 5 20 4 
Weighted particles 33 8 18 4 7 2 39 8 45 8 
copper - 0 013 0 010 0 012 0011 0 014 

Hrazdan river- D~ssolved oxygen 6 4 5 2 6 2 4 9 6 5 
Yerevan c i ~  7 5 6 1 6 1 6 8 5 4 

- 6 km down the citb Ammonrum lons 3 85 3 18 4 10 3 34 5 54 
close to Demlrch~ village N~trates 4 03 3 23 2 83 3 04 2 66 

N~trrtes 0 040 0 080 0 166 0 028 0 081 
Phosphates 0 22 0 17 0 30 0 09 0 25 

41 6 28 1 27 7 28 9 21 1 
Phtorldes 0 1 1  0 15 0 14 0 14 0 15 
Welghted part~cies 38 7 59 2 119 9 45 8 85 0 
Copper 0 014 0 01 1 0 014 0 016 0 014 
DDT 0 000 0 000 0 000 0 000 0 000 
DDE 0 004 0 000 0 000 0 000 0 000 
L~ndan 0 018 0 044 0 069 0 023 0 050 



Hrazdan r~ver- D~ssolved oxygen 7 4 6 9 7 7 7 9 7 2 
from the mouth 6 6 3 9 2 6 1 5  2 7 

Arnmon~uln lons 1 64 0 88 1 24 0 60 3 22 
N~trates 4 46 3 36 3 83 2 84 3 46 
N~tr~tes  0 086 0 088 0 128 0 034 0 057 
Phosphates 0 15 0 13 0 23 0 09 0 21 

41 6 28 1 22 3 29 1 20 9 
We~ghted part~cles 53 4 I8 0 33 9 34 2 98 3 
Copper 0 013 0011 0 014 0 010 0 01 1 

Lake Sevan Pen~nsuia D~ssolved oxvgen 9 0 9 4 8 1 
1 6  1 8  2 0 

Ammon~um lons 0 08 0 08 0 C6 
Nitrates 0 05 0 09 0 46 
N~tr~tes  0 017 0 019 0 000 
Phosphates 0 08 0 03 0 01 

0 04 16 5 19 5 
We~ghted part~cles 14 4 2 5 151 7 
Copper 0 007 0 008 
011 products 0 08 0 07 

Lake Sevan - Dissolved oxvgen 9 2 9 3 7 5 
7 5 km south from 1 6  2 0 2 3 
Chkalovha village Ammon~um Ions 0 07 0 08 0 17 

N~trates 0 06 0 05 0 80 
N~tr~ tes  0 017 0 013 0 000 
Phosphates 0 02 0 22 00 1 

12 7 15 0 17 0 
Phtor~des 0 7 2 6 5 4 
We~ghted part~cles 0 009 
Copper 0 08 0 03 
DDT 0 000 
DDE 0 000 
L~ndan 0 090 
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4 S L  A ancaster d~vrsron of Thermo Laboratories Analvtlcal Inc 

LLI Sample NO sw 2775709 
Col l ected 

Submitted 91 8/97 Reported 101 6/97 
D l  scard 10/21/97 

YT 1 Gravel Sample 

Armenia 

CAT 
NO ANALYSIS NAME 

1216 PCBs i n  Sol ids 

Account No 05267 
Burns & Roe Enviro Serv~ces 
2570 Blvd o f  the Generals 
Su1 t e  #I20 

AS RECEIVED 
LIMIT OF 

RESULTS QUMITATION UNITS 

See Page 2 

1 COPY TO Burns 81 Roe Enviro Services ATTN Mr David Cooksley 

Questions? Contact your C l  lent  Services Representative 
at  (717) 656 2300 

19 26 18 D 0001 20 581169 
104 0 00 00012500 ASROOO 

Page 1 of 2 

P 0 22 USAID 
Re1 

Respectful 1 y Submitted 
Jenifer E Hess B S 

 anc caster Laboraror~es Group Leader Pest1 CI des/PCBs 
2425 New Holland Plke 
PO Box 12425 
Laxasre PA 17605 2425 
717 -5u 230" tax 717 656 2681 Sea reversp 5ta- ror expla7atlon of svmhols dna abbre ~ ~ t ~ o r  2216 Re 5/01/96 



Lancaster Laboratories 
A dlv~sron o f  Thermo Analytical Inc 

LLI Sample NO. sw 2775709 
Collected 

Submitted 91 8197 Reported 10/ 6/97 
Discard 10121197 

YT 1 Gravel Sample 

CAT 
NO ANALYSIS NAME 

Account No 05267 
Burns & Roe Envi ro  Services 
2570 Bl vd o f  the Generals 
Suite #I20 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

Page 2 of  2 

PCBs i n  Sol ids  

1495 PCB 1016 .c 0 16 016 m/ko 
1496 PCB 1221 
1497 PCB 1232 
1498 PCB 1242 
1499 PCB 1248 

0 16 0 16 GlkG 
.: 0 16 0 16 mglkg 
< 0 16 0 16 mglkg 
< 0 16 0 16 m l k s  

1500 PCB 1254 0 31 016 @/kg 
1501 PCB 1260 < 0 32 0 32 mg/kg 

The values reported for the Aroclors represent the lowest quantitation 
l im i t s  obtainable This i s  due t o  dilutions or interfering peaks from the 
presence o f  Aroclor 1254 

Questions? Contact your C1 lent Services Representative 
at  (717) 656 2300 

a-caster Laooratorle 

Respectful 1 y Submitted 
Jenifer E Hess B S 
Group Leader Pesti c i  des/PCBs 



Lancaster Laboratories 
A division of Thermo Analytical Inc 

LLI Sample NO. sw 2775710 
Col 1 ected 

Submitted 91 8/97 Reported 101 6/97 
D l  scard 10121197 

YT 2 Gravel Sample 

Account No 05267 
Burns & Roe Enviro Services 
2570 Blvd o f  the Generals 
Suite #I20 
Nornstown PA 19403 6974 

AS RECEIVED 
CAT 
NO ANALYSIS NAME 

LIMIT OF 
RESULTS QUANTITATION UNITS 

1216 PCBs i n  Sol ids See Page 2 

1 COPY TO Burns & Roe Enviro Services ATIN M r  David Cooksley 

Questions7 Contact your C l  lent Services Representative 
at (717) 656 2300 . . 

19 26 28 D 0001 20 581169 
104 0 00 00012500 ASROOO 

Page 1 of 2 

P 0 22 USAID 
Re1 

Respectful 1 y Subml t ted  
Jenifer E Hess B S 

Lancaster Laboratones 

M E M B E R 2425 New Holland P~ke 
Group Leader Pest1 c i  des/PCBs 

PO Box 12425 
Lancaster PA 17605 2425 
717 656 2300 Fax 717 656 2681 5en reverse side for ex~lanatlon of svm~ols and abbreviations 2216 Re\ 5/01/96 



Lancaster Laboratories 
A drvrsron of Thermo Analfl~cal Inc 

LLI Sample NO. sw 2775710 
Col 1 ected 

Submitted 91 8/97 Reported 101 6/97 
D l  scard 10121197 

YT 2 Gravel Sample 

Account No 05267 
Burns & Roe Envi ro  Services 
2570 Blvd o f  the Generals 

Nornstown PA 19403 6974 

AS RECEIVED 
CAT 
NO ANALYSIS NAME 

PCBs i n  Sol ids  

1495 PCB 1016 
1496 PCB 1221 
1497 PCB 1232 
1498 PCB 1242 
1499 PCB 1248 
1500 PCB 1254 
1501 PCB 1260 

LIMIT OF 
RESULTS QUAKTITATION 

Questions? Contact your C l ~ e n t  Services Representative 
at (717) 656 2300 

Laqcaste Laborarortes 
M F M R F R 2425 New Holland P~lte ...-...--.. 

FO Box 12425 
Lancasre PA 17605 2425 
717 b56 2300 '17 65b 268 

Page 2 o f  2 

P 0 22 USAID 
Re1 

UNITS 

Respectful 1 y Subm~ t ted  
Jem fer E Hess B S 
Group Leader Pesti cideslPCBs 



Lancaster Laboratories 
A dlv~sron of Thermo Analytrcal Inc 

LLI Sample NO. sw 2775711 
Col 1 ected 

Submitted 91 8/97 Reported 101 6/97 
Di scard 10121197 

YT 3 Gravel Sample 

Account No 05267 
Burns & Roe Enviro Services 
2570 Blvd o f  the Generals 
SUI t e  #I20 
Norristown PA 19403 6974 

AS RECEIVED 
CAT 
NO ANALYSIS NAME 

LIMIT OF 
RESULTS QUANTITATION UNITS 

1216 PCBs ~n Sol ids See Page 2 

e 
1 COPY TO Burns & Roe Enviro Services ATTN M r  David Cooksley 

Quest~ons? Contact your Client Serv~ces Representatlve 
at  (717) 656 2300 

19 26 38 D 0001 20 581169 
104 0 00 00012500 ASROOO 

Lancaster Laboratones 

M E M B E R 2425 New Holland P~ke 
PO Bor 12425 
Lancasrer PA 17605 2425 
717 656 2300 Fax 717 656 2681 

Page 1 of  2 

P 0 22 USAID 
Re1 

Respectful 1 y Subml t ted  
Jenifer E Hess B S 
Group Leader Pest1 CI des1PCBs 

See reverse sloe for explanation of svmbols and abbrevtat~ons 



Lancaster Laboratories 
A d~vrsron of Thermo Analylrcal Inc 

LLI Sample NO. sw 2775711 
Col1 ected 

Subm~tted 91 8/97 Reported 101 6/97 
Dl scard 10/21/97 

YT 3 Gravel Sample 

Armenia 

CAT 
NO ANALYSIS NAME 

PCBs i n  So l~ds  

1495 PCB 1016 
1496 PCB 1221 
1497 PCB 1232 
1498 PCB 1242 
1499 PCB 1248 
1500 PCB 1254 
1501 PCB 1260 

Account No 05267 
Burns & Roe Enviro Services 
2570 Bl vd o f  the Generals 
SUI t e  #I20 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

< 0 16 0 16 mglkg 
< 0 16 0 16 mglkg 
< 0 16 0 1 6  mg/kg 
< 0 16 0 1 6  q l k g  
< 0 16 016  mglkg 
< 0 16 016  mglkg 
c 0 16 0 16 mglkg 

Page 2 o f  2 

Quest1 0ns7 Contact your C l  i ent Servi ces Representat1 ve 
a t  (717) 656 2300 

Lancaster Laborator~es 
.a F mn n F cz 2425 New Holland P I K ~  
. . , - . - . - - . a  

PO Box 12425 
Lancaster PA 17605 L'32c 
717 656 2300 Fax '17 650 268 

Respectful 1 y Submitted 
Jeni fe r  E Hess B S 
Group Leader Pest1 c~des/PCBs 

See reverse s~de tor exolanatlon 0 ~rnooi  and abbrevtat~ori i2lt Rsr 5/01/96 'm* 



Lancaster Laboratories 
A diwwon of Thermo Analytical Inc 

LLI Sample NO. sw 2775712 
Col 1 ected 

Submitted 91 8/97 Reported 101 6/97 
Dl scard 10121197 

M 4 Gravel Sample 

CAT 
NO ANALYSIS NAME 

- 

1216 PCBs i n  Sol ids 

Account No 05267 
Burns & Roe Enviro Serv~ces 
2570 Blvd o f  the Generals 
Suite #I20 
Nornstown PA 19403 6974 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

See Page 2 

* 
1 COPY TO Burns & Roe Enviro Services A l l N  M r  David Cooksley 

Questions? Contact your Cl I ent Serv~ ces Representative 
at (717) 656 2300 

19 26 49 D 0001 20 581169 
104 0 00 00012500 ASROOO 

M E M B E R  r h i  - \ c  

F - 
1 - 1  nL 

Page 1 of  2 

P 0 22 USAID 
Re1 

Respectful 1 y Submitted 
Jem fer E Hess B S 
Group Leader Pesti c i  des1PCBs 



Lancaster Laboratories 
A d~v~sron of Thermo Analytical Inc 

Page 2 o f  2 

LLI Sample NO. sw 2775712 
Col 1 ected Account No 05267 P 0 22 USAID 

Burns & Roe Enviro Services Re1 
Submitted 91 8/97 Reported 10/ 6197 2570 Blvd o f  the Generals 
DI scard 10121197 Suite #I20 

Norrlstown PA 19403 6974 
YT 4 Gravel Sample 

CAT 
NO ANALYSIS NAME 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

PCBs I n  Sol ids  

1495 PCB 1016 c 0 80 0 80 mglkg 
1496 PCB 1221 < 0 80 0 80 mglkg 
1497 PCB 1232 < 0 80 0 80 mglkg 
1498 PCB 1242 < 0 80 0 80 mglkg 
1499 PCB 1248 c 0 80 0 80 mglkg 
1500 PCB 1254 3 96 0 80 mglkg 
1501 PCB 1260 c 0 80 0 80 mglkg 

The values reported fo r  the Arocl ors represent the 1 owest quant~ ta t1  on 
l?mi ts  obta~nable T h ~ s  i s  due t o  d i l u t ~ o n s  or in ter fer ing  peaks from the 
presence o f  Aroclor 1254 

Quest1 ons? Contact your C l  i ent Services Representative 
a t  (717) 656 2300 

Respectful 1 y Subm~ t t e d  
Jeni fe r  E Hess B 5 
Group Leader Pest i c i  des1PCBs 



Lancaster Laboratories 
A d~wslon o f  Thermo Analytrcal Inc 

LLI Sample NO sw 2775713 
Col 1 ected 

Submitted 9/ 8/97 Reported 10/ 6/97 
Di scard 10/21/97 

M 5 Gravel Sample 

Armenia 

CAT 
NO ANALYSIS NAME 

1216 PCBs i n  Sol ~ d s  

Account No 05267 
Burns & Roe Envi r o  Services 
2570 Blvd o f  the Generals 
Suite #I20 
Nornstown PA 19403 6974 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

See Page 2 

e 
1 COPY TO Burns & Roe Enviro Services AllN M r  David Cooksley 

Questions? Contact your C l  l en t  Services Representative 
a t  (717) 656 2300 

19 27 00 D 0001 20 
104 0 00 00012500 ASROOO 

Page 1 of 2 

P 0 22 USAID 
Re1 

Respectful 1 y Submitted 
Jenifer E Hess B S 
Group Leader Pesti cides/PCBs 

@T$ 
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Lancaster Laboratories 
A drvrsron of  Thermo Analytrcal Inc 

LLI Sample NO sw 2775713 
Col1 ected 

Submitted 91 8/97 Reported 101 6/97 
Di scard 10121197 

YT 5 Gravel Sample 

Armeni a 

CAT 
NO ANALYSIS NAME 

PCBs i n  Sol ids  

1495 PCB 1016 
1496 PCB 1221 
1497 PCB 1232 
1498 PCB 1242 
1499 PCB 1248 
1500 PCB 1254 
1501 PCB 1260 

Account No 05267 
Burns & Roe Enviro Services 
2570 Blvd o f  the Generals 
Suite #I20 
N o r n s t w n  PA 19403 6974 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

< 8 0  8 0  mglkg 
< 8 0  8 0  mglkg 
< 8 0  8 0 mg/kg 
c 8 0  8 0 m / k s  
< 8 0  8 0 G / k i  
28 4 8 0 mglkg 

~ 8 0  8 0  malka 
The values reported fo r  the Aroclors represent the 1 owest quanti t a t i o i  

- 
l i m i t s  obtainable This i s  due t o  d i lu t ions  or  in ter fe r ing  peaks from the 
presence o f  Aroclor 1254 

Quest1 ons? Contact your Cl i ent Services Representative 
a t  (717) 656 2300 

Page 2 of 2 

P 0 22 USAID 
Re1 

Respectful 1 y Submitted 
Jeni fer  E Hess B S 
Group Leader Pesti c i  des1PCBs 
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Lancaster Laboratories 
A dlvrsron of Thermo Analytrcal Inc 

LLI Sample NO. sw 2775700 
Coll ected 

Subm~tted 91 8197 Reported 101 6/97 
DI scard 10121197 

YH 1 Gravel Sample 

Account No 05267 
Burns & Roe Enviro Services 
2570 Blvd o f  the Generals 

Norristown PA 19403 6974 

AS RECEIVED 
CAT 
NO ANALYSIS NAME 

LIMIT OF 
RESULTS QUANTITATION UNITS 

1216 PCBs i n  Sol ~ d s  See Page 2 

1 COPY TO Burns & Roe Enviro Services ATTN M r  David Cooksley 

Questions? Contact your Cl ient  Services Representative 
a t  (717) 656 2300 

19 24 16 D 0001 20 581169 
104 0 00 00012500 ASROOO 

Page 1 of 2 

P 0 22 USAID 
Re1 

Respectful 1 y Subm~ t t e d  
Jemfer E Hess B S 
Group Leader Pest1 c i  des1PCBs 



ancaster Laboratories 
A drv~won of Thermo Analvt~cal Inc 41SL 

LLI sample NO sw 2775700 
Col 1 ected 

Submitted 91 8197 Reported 101 6/97 
Dt scard 10121197 

YH 1 Gravel Sample 

Account No 05267 
Burns & Roe Envi r o  Services 
2570 Blvd o f  the Generals 
Suite #I20 
Norn  stown PA 19403 6974 

AS RECEIVED 

P 0 22 USAID 
Re1 

CAT 
NO ANALYSIS NAME 

PCBs t n  Sol i ds  

1495 PCB 1016 
1496 PCB 1221 
1497 PCB 1232 
1498 PCB 1242 
1499 PCB 1248 
1500 PCB 1254 
1501 PCB 1260 

Page 2 of 2 

LIMIT OF 
RESULTS QUANTITATION UNITS 

< 0 16 0 16 mglkg 
< 0 16 0 16 mglkg 
< 0 16 0 16 mglkg 
< 0 16 0 16 mglkg 
4 0 16 0 1 6  mglkg 
4 0 16 0 16 mglkg 
< 0 16 0 16 mglkg 

Questions? Contact your C l  l en t  Servt ces Representative 
a t  (717) 656 2300 

Respectf u1 l y Submitted 
Jem fe r  E Hess B S 
Group Leader Pest1 ctdes1PCBs 



Lancaster Laboratories 
A d~viwon of Thermo Analytrcal Inc 

LLI Sample No. SW 
Col 1 ected 

Subm~tted 91 8197 Reported 
Dl scard 10121197 

YH 2 Gravel Sample 

Armeni a 

CAT 
NO ANALYSIS NAME 

1216 PCBs i n  Sol ids  

2775701 
Account No 05267 P 0 22 USAID 
Burns & Roe Enviro Services Re1 

101 6/97 2570 Blvd o f  the Generals 
Suite #I20 
Norri stown PA 19403 6974 

Page 1 of 2 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

1 COPY TO Burns & Roe Enviro Services A l l N  M r  David Cooksley 

Questi ons? Contact your Cl l e n t  Servi ces Representat1 ve 
a t  (717) 656 2300 

19 24 28 D 0001 20 581169 
104 0 00 00012500 ASROOO 

See Page 2 

Respectful 1 y Submitted 
Jem fe r  E Hess B S 
Group Leader Pest1 cides/PCBs 

IF 



Lancaster Laboratories 
A d~vrslon of Thermo Analvt~cal Inc 

LLI Sample NO. sw 2775701 
Col 1 ected 

Submitted 9/ 8/97 Reported 10/ 6/97 
Di scard 10/21/97 

YH 2 Gravel Sample 

Armenia 

CAT 
NO ANALYSIS NAME 

PCBs i n  Sol ids 

1495 PCB 1016 
1496 PCB 1221 
1497 PCB 1232 
1498 PCB 1242 
1499 PCB 1248 
1500 PCB 1254 
1501 PCB 1260 

Account No 05267 
Burns & Roe Enviro Services 
2570 Bl vd of  the Generals 
Suite #I20 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

Questions' Contact your C l  lent  Serv~ ces Representat1 ve 
at  (717) 656 2300 

Page 2 of 2 

P 0 22 USAID 
Re1 

Respectful 1 y Submitted 
Jenifer E Hess B S 
Group Leader Pest1 cides1PCBs 



Lancaster Laboratories Page I of 2 
A drvrsron of Thermo Analytrcal Inc 

LLI Sample NO. sw 2775702 
Coll ected 

Submitted 9/ 8/97 Reported 10/ 6/97 
Dlscard 10121197 

KT 1 Gravel Sample 

Armenia 

CAT 
NO ANALYSISNAME 

1216 PCBs i n  Sol ids  

Account No 05267 
Burns & Roe Env~ro  Services 
2570 Blvd o f  the Generals 
S u ~ t e  #120 
Nornstown PA 19403 6974 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

1 COPY TO Burns & Roe Env~ro  Services A m  Mr  Dav~d Cooksley 

Quest1 ons? Contact your Cl i ent Services Representative 
at  (717) 656 2300 

19 24 40 D 0001 20 581169 
104 0 00 00012500 ASROOO 

See Page 2 

P 0 22 USAID 
Re1 

Respectful 1 y Subm~ t t e d  
Jeni f e r  E Hess B S 
Group Leader Pest1 cides1PCBs 

PC. ' n DI i 1 r TnOlq and a b n r e  I c 



ancaster Laboratories 
A d~vrvon of Thermo Analvtrcal Inc 

LLI Sample NO sw 2775702 
Col 1 ected 

Submitted 91 8/97 Reported 101 6/97 
D l  scard 10121197 

KT 1 Gravel Sample 

Account No 05267 
Burns & Roe Envi ro  Services 
2570 Blvd o f  the Generals 
Suite #120 

Armeni a 

AS RECEIVED 
CAT 
NO ANALYSIS NAME 

PCBs i n  Sol ids  

1495 PCB 1016 
1496 PCB 1221 
1497 PCB 1232 
1498 PCB 1242 
1499 PCB 1248 
1500 PCB 1254 
1501 PCB 1260 

LIMIT OF 
RESULTS QUAKTITATION UNITS 

< 0 16 0 16 mglkg 
< 0 16 0 16 mglkg 
< 0 16 0 16 mglkg 
4 0 16 0 16 mglkg 
< 0 16 0 16 mglkg 
1 42 0 16 mglkg 

c 0 16 0 16 mglkg 

Quest1 ons? Contact your C l  lent Services Representative 
at (717) 656 2300 

E p,,, B E R '"'5 p.i~w Holland P~rr 
u 12325 

a I 3 er P r  17603 2425 
'1 - 3 ~  '2CL F i  717 t 5 r  268 

Page 2 of 2 

P 0 22 USAID 
Re1 

Respectful 1 y Submitted 
Jenifer E Hess B S 
Group Leader Pesti cides1PCBs 



Lancaster Laboratories 
A dlv~sron of Thermo Analytrcal Inc 

LLI Sample NO. sw 2775703 
Col 1 ected 

Submitted 91 8197 Reported 101 6197 
Discard 10121197 

KT 2 Gravel Sample 

CAT 
NO ANALYSIS NAME 

Account No 05267 
Burns & Roe Enviro Services 
2570 Blvd o f  the Generals 
Suite #I20 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

1216 PCBs i n  Sol ids See Page 2 

1 COPY TO Burns & Roe Enviro Services ATTN Mr David Cooksley 

Questions? Contact your C l  l en t  Services Representative 
a t  (717) 656 2300 

19 24 51 D 0001 20 581169 
104 0 00 00012500 ASROOO 

Page 1 of 2 

P 0 22 USAID 
Re1 

Respectful 1 y Submitted 
Jenifer E Hess B S 
Group Leader PesticideslPCBs 
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Lancaster Laboratories 
A drv~sron of Thermo Analytrcal Inc 

LLI Sample NO sw 2775703 
Col 1 ected 

Submitted 91 8/97 Reported 101 6/97 
D i  scard 10/21/97 

KT 2 Gravel Sample 

Account No 05267 
Burns & Roe Envi ro  Services 
2570 Bl vd o f  the Generals 
Suite #I20 
Norristown PA 19403 6974 

Armenia 

AS RECEIVED 
CAT 
NO ANALYSIS NAME 

PCBs i n  Sol ~ d s  

1495 PCB 1016 
1496 PCB 1221 
1497 PCB 1232 
1498 PCB 1242 
1499 PCB 1248 
1500 PCB 1254 
1501 PCB 1260 

LIMIT OF 
RESULTS QUANTITATION UNITS 

< 0 16 0 16 mglkg 
< 0 16 0 16 mglkg 
< 0 16 0 16 mglkg 
< 0 16 0 16 mglkg 
< 0 16 0 1 6  mglkg 
< 0 16 0 16 mglkg 
< 0 16 0 16 mg/kg 

Questions? Contact your C l  I ent Services Representative 
at (717) 656 2300 

L ~ I C ~  ter Laboratones 
&,q c a F a 2325 Neiv Holland P~k t  .-. - .-. - - . . 

PO Bor 1742, 
Lan d s * ~  Prr 17605 2JZC 
71' 65 23DC Fa 71' 636 26r 

Page 2 of 2 

P 0 22 USAID 
Re1 

Respectful 1 y Submitted 
Jenifer E Hess B S 
Group Leader Pest1 cidesIPCBs 



Lancaste r Laboratories 
A drvrsron of Thermo Analyttcal Inc 

LLI Sample NO sw 2775704 
Col 1 ected 

Submitted 91 8/97 Reported 101 6/97 
Dl scard 10121197 

KT 3 Gravel Sample 

Armenia 

CAT 
NO ANALYSIS NAME 

Account No 05267 
Burns & Roe Enviro Services 
2570 Blvd o f  the Generals 
Suite #120 
Norristown PA 19403 6974 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

Page 1 o f  2 

P 0 22 USAID 
Re1 

1216 PCBs i n  Sol ids  See Page 2 

1 COPY TO Burns & Roe Enviro Services A l l N  M r  David Cooksley 

Questions? Contact your C l  1 ent Services Representative 
a t  (717) 656 2300 

19 25 05 D 0001 20 581169 
104 0 00 00012500 ASROOO 

a tor Labora one 

Respectful 1 y Submitted 
Jeni f e r  E Hess B S 
Group Leader Pest1 c i  des1PCBs 

@* 
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Lancaster Laboratories 
A d~vislon of Thermo Analyt~cal Inc 

LLI Sample NO sw 2775704 
Col 1 ected 

Submitted 91 8/97 Reported 10/ 6/97 
D l  scard 10121197 

HT 3 Gravel Sample 

CAT 
NO ANALYSIS NAME 

PCBs i n  Solids 

1495 PCB 1016 
1496 PCB 1221 
1497 PCB 1232 
1498 PCB 1242 
1499 PCB 1248 
1500 PCB 1254 
1501 PCB 1260 

Account No 05267 P 0 22 USAID 
Burns & Roe Enviro Services 
2570 Blvd o f  the Generals 
Suite #I20 
Norri stown PA 19403 6974 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

Questions? Contact your C l  i ent Services Representative 
at (717) 656 2300 

Larca te Laboratone 

M F M R F R 2425 New HU land F I ~  

Page 2 o f  2 

< 0 16 0 16 mglkg 
< 0 16 0 16 mglkg 
c 0 16 0 16 mglkg 
< 0 16 0 16 mglkg 
< 0 16 0 16 mglkg 

1 15 0 16 mglkg 
< 0 16 0 16 mglkg 

Respectful 1 y Submitted 
Jenifer E Hess B S 
Group Leader Pesti c i  des1PCBs 



Lancaster Laboratories 
A drvrsron of Thermo Analyt~cal Inc 

LLI Sample NO sw 2775705 
Col 1 ected 

Submitted 9/ 8/97 Reported 10/ 6/97 
Dl scard 10/21/97 

KT 4 Gravel Sample 

Armenia 

CAT 
NO ANALYSIS NAME 

Account No 05267 
Burns & Roe Enviro Services 
2570 Bl vd o f  the Generals 
Suite #I20 
Norri stown PA 19403 6974 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

Page 1 o f  2 

P 0 22 USAID 
Re1 

1216 PCBs 1n Sol ids See Page 2 

1 COPY TO Burns & Roe Enviro Services ATTN M r  David Cwksl ey 

Quest~ons' Contact your C l  lent Services Representative 
at (717) 656 2300 

19 25 18 D 0001 20 581169 
104 0 00 00012500 ASROOO 

ancaster Laboratones 

M E M B E R 2425 Ne* Holland Pike 

Respectful 1 y Submitted 
Jemfer E Hess B S 
Group Leader Pesticides/PCBs 

PO box 1-7125 
Laws rer PA 1'60 2JZC 
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Lancaster Laboratories 
A d~vrsron of Thermo Analytical Inc 

LLI Sample NO. sw 2775705 
Col 1 ected 

Submitted 91 8/97 Reported 101 6/97 
D i  scard 10121197 

KT 4 Gravel Sample 

Armenia 

CAT 
NO ANALYSIS NAME 

PCBs i n  Sol ids 

Account No 05267 
Burns & Roe Enviro Services 
2570 Bl vd of the Generals 
Suite #I20 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

PCB 1016 c 16 16 mg/kg 
PCB 1221 c 16 16 mg/kg 
PCB 1232 < 16 16 mglkg 
PCB 1242 < 16 16 mg/kg 
PCB 124% < 16 16 mg/kg 
PCB 1254 56 16  kg 
PCB 1260 < 16 16 %'/kg 
The values reported for the Aroclors represent the lowest quanti  tation 
limits obtainable This i s  due to dilutions or interfering peaks from the 
presence of Aroclor 1254 

Page 2 of 2 

Quest i on9 Contact your Cl i ent Services Represent a t1  ve 
at (717) 656 2300 

Ldr casle Laborato le 

- - . - . - . - - . . 
F 3  Bor 1242- 
a n ~ a s t e  ?A 17005 ,JTi 

t 5 3  ?3Cf F 71'  5 '68 

Respectful 1 y Submitted 
Jenifer E Hess B S 
Group Leader Pesti ci des1PCBs 



Lancaster Laboratories 
A drvrsron of Thermo Analyt~cal Inc 

LLI Sample NO sw 2775706 
Call ected 

Submitted 91 8/97 Reported 101 6/97 
D l  scard 10/21/97 

KT 5 Gravel Sample 

Armeni a 

CAT 
NO ANALYSIS NAME 

Account No 05267 
Burns & Roe Envi ro  Services 
2570 Blvd o f  the Generals 
Suite #I20 
Norristown PA 19403 6974 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

Page 1 of  2 

P 0 22 USAID 
Re1 

1216 PCBs i n  Sol ids See Page 2 

1 COPY TO Burns & Roe Envi r o  Services AlTN M r  David Cooksley 

Questions? Contact your C l  lent Services Reoresentati ve 
at  (717) 656' 2300 

19 25 35 D 0001 20 581169 
104 0 00 00012500 ASROOO 

an F M R F R 425 New HoI and P ne 

Respectful 1 y Submitted 
Jeni fer E Hess B S 
Group Leader Pesticides/PCBs 



Lancaster Laboratories 
A divrsron of Thermo Analytical Inc 

LLI Sample NO sw 2775706 
Col1 ected 

Submitted 91 8/97 Reported 101 6/97 
D i  scard 10121197 

KT 5 Gravel Sample 

Account No 05267 
Burns & Roe Enviro Services 
2570 Blvd o f  the Generals 
Suite #I20 
Norristown PA 19403 6974 

Armenia 

AS RECEIVED 
CAT 
NO ANALYSIS NAME 

LIMIT OF 
RESULTS QUANTITATION UNITS 

PCBs i n  Solids 

1495 PCB 1016 e l 6  1 6 mglkg 
1496 PCB 1221 < 1 6  1 6  mglkg 
1497 PCB 1232 < 1 6  1 6  mglkg 
1498 PCB 1242 < 1 6  1 6  mglkg 
1499 PCB 1248 < 1 6  1 6 mglkg 
1500 PCB 1254 12 8 1 6  mglkg 
1501 PCB 1260 e l 6  1 6 mglkg 

The values reported for the Aroclors represent the lowest quantitation 
l im i t s  obtainable This i s  due t o  dilutions or interfer ing peaks from the 
presence o f  Aroclor 1254 

Questions? Contact your C l  lent Services Representative 
at (717) 656 2300 

Ldnca er Laoorato e 

M E M B E R 2425 Neih Hollar - r1k.e 
PO Box 12425 
Lanra te t 1  1'6 - ' 2 2 ,  
'1 7 tin ?3Q F - 5+ '091 

Page 2 o f  2 

P 0 22 USAID 
Re1 

Respectful 1 y Submitted 
Jeni fer  E Hess B S 
Group Leader Pesti cides/PCBs 

@* 
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Lancaster Laboratories 
A d~vrslon of Thermo Analytrcal Inc 

LLI Sample NO. sw 2775707 
Col1 ected 

Submitted 91 8197 Reported 101 6/97 
D l  scard 10121197 

HT 6 Gravel Sample 

Account No 05267 
Burns & Roe Env~ro Services 
2570 Blvd o f  the Generals 
Suite #I20 
Norr~stown PA 19403 6974 

AS RECEIVED 
CAT 
NO ANALYSIS NAME 

LIMIT OF 
RESULTS QUAKlITATION UNITS 

1216 PCBs i n  Sol ids See Page 2 

1 COPY TO Burns & Roe Env~ro Services AlTN M r  David Cooksley 

Questions? Contact your C l  i ent Services Representatl ve 
at  (717) 656 2300 

19 25 52 D 0001 20 581169 
104 0 00 00012500 ASROOO 

Lancaster Laboratone, 
E B E R 2425 New Holland Pihe 

PO Box 12425 
Lancaster PA 176nC .+' 

7' 656 2300 Fa '17 -5c 768 

Page 1 of 2 

P 0 22 USAID 
Re1 

Respectful 1 y Subm~ t ted 
Jeni fer E Hess B S 
Group Leader Pesti c i  desIPCBs 



Lancaster Laboratories 
A drv~slon of  Thermo Analytrcal Inc 

LLI Sample NO sw 2775707 
Col 1 ected 

Submitted 9/ 8/97 Reported 10/ 6/97 
Dl scard 10/21/97 

KT 6 Gravel Sample 

Armenia 

CAT 
NO ANALYSIS NAME 

PCBs i n  Solids 

1495 PCB 1016 
1496 PCB 1221 
1497 PCB 1232 
1498 PCB 1242 
1499 PCB 1248 

Account No 05267 
Burns & Roe Enviro Services 
2570 Blvd o f  the Generals 
Suite #I20 
Norristown PA 19403 6974 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

-. -. 

1500 PCB 1254 103 16 
1501 PCB 1260 < 16 16 

Gi/kii 
m / k g  

The values reported fo r  the Aroclors represent the lowest quantitat ion 
l i m ~ t s  obtainable This i s  due t o  d i l u t i ons  or  in ter fe r ing  peaks from the 
presence o f  Aroclor 1254 

Questions? Contact your C l ien t  Services Representative 
a t  (717) 656 2300 

ma E mn R F P 2425 New Holland P i ~ r  

Page 2 o f  2 

P 0 22 USAID 
Re1 

Respectfully Submitted 
Jeni f e r  E Hess B S 
Group Leader Pesti cides/PCBs 



Lancaster Laboratories 
A drvrsron of Thermo Analytical Inc 

LLI Sample NO. sw 2775708 
Col 1 ected 

Subm~tted 91 8197 Reported 101 6/97 
Dl scard 10121197 

HT 7 Gravel Sample 

CAT 
NO ANALYSIS NAME 

Account No 05267 
Burns & Roe Env~ro Services 
2570 Blvd o f  the Generals 

Nornstown PA 19403 6974 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

1216 PCBs i n  Solids See Page 2 

* 
1 COPY TO Burns & Roe Envlro Services AllN M r  David Cooksley 

Quest1 0nS7 Contact your C l  I ent Services Representat1 ve 
at (717) 656 2300 

19 26 05 D 0001 20 581169 
104 0 00 00012500 ASROOO 

Lancaster Laboratcr~eq 

...-...--.. 
PO bo/ 12425 
Lancaster PA 176 3 2 4 3  
'17 656 230 Fa 717 656 2681 

Page 1 of 2 

Respectful 1 y Subm~ t ted  
Jeni fer E Hess B S 
Group Leader Pest1 cides1PCBs 

Q)* 
See revr ,e slap tor erolana~~on 01 ~ ~ r n o o l  anJ a5br-v atlons 2216 ReuiiOii90 %a 



Lancaster Laboratories 
A drv~sron o f  Thermo Analytrcal Inc 

LLI Sample NO. sw 2775708 
Col 1 ected 

Submitted 91 8/97 Reported 101 6/97 
D l  scard 10121197 

HT 7 Gravel Sample 

CAT 
NO ANALYSIS NAME 

PCBs i n  Sol ids 

1495 PCB 1016 
1496 PCB 1221 
1497 PCB 1232 
1498 PCB 1242 

Account No 05267 
Burns & Roe Envi r o  Services 
2570 Blvd o f  the Generals 
Suite #I20 
Norristown PA 19403 6974 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

1499 PCB 1248 c 16 16 GlkG 
1500 PCB 1254 150 16 
1501 PCB 1260 

w l k g  
c 16 16 mglkg 

The values reported for  the Arocl ors represent the lowest quantitation 
l im i t s  obtainable This i s  due t o  d i lu t~ons  or interfering peaks from the 
presence o f  Aroclor 1254 

Questions? Contact your Client Services Representat~ve 
at (717) 656 2300 

Lancaster Laboralone 

M E M B E R 2425 New Holland P ~ k e  
PO Box 12325 
Lancasrer PA 17605 232q 
717 650 23bP Far 7 t 7  65b 2bE 

Page 2 o f  2 

Respectful 1 y Submitted 
Jeni fer E Hess B S 
Group Leader Pesti cl des1PCBs 



Lancaster Laboratories 
A drvrs~on of Thermo Analytrcal Inc 

LLI Sample NO. sw 2775698 
Col 1 ected 

Submitted 91 8/97 Reported 101 6/97 
Discard 10121197 

HH 1 Gravel Sample 

Armenia 

CAT 
NO ANALYSIS NAME 

1216 PCBs i n  Sol ~ d s  

Account No 05267 
Burns & Roe Envlro Services 
2570 Blvd o f  the Generals 
Suite #I20 
Nornstown PA 19403 6974 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

1 COPY TO Burns & Roe Enviro Services ATTN M r  David Cooksley 

Quest~ons? Contact your C l  lent Services Representative 
at (717) 656 2300 

19 23 51 D 0001 20 581169 
104 0 00 00012500 ASROOO 

See Page 2 

Page 1 of 2 

Respectful 1 y Submitted 
Jeni fer E Hess B S 
Group Leader Pesticides/PCBs 



ancaster Laboratories 
A drvtsron of Thermo Analvtlcal Inc 

LLI Sample NO. sw 2775698 
Col 1 ected 

Submitted 91 8197 Reported 101 6/97 
D l  scard 10121197 

HH 1 Gravel Sample 

CAT 
NO ANALYSIS NAME 

PCBs i n  Sol ids 

1495 PCB 1016 
1496 PCB 1221 
1497 PCB 1232 
1498 PCB 1242 
1499 PCB 1248 
1500 PCB 1254 
1501 PCB 1260 

Account No 05267 
Burns & Roe Envi ro Servl ces 
2570 Blvd o f  the Generals 
Suite #I20 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

c 0 16 0 16 mg/kg 
c 0 16 0 16 mglkg 
< 0 16 0 16 mglkg 
c 0 16 0 16 mglkg 
c 0 16 0 16 mglkg 
c 0 16 0 16 mglkg 
c 0 16 016  mglkg 

Questions7 Contact your C l  lent Services Representative 
at (717) 656 2300 

id dsker L ~ D L  atone 

. - . - - - . - - . . 
Po b0h 1 2 d 2 ~  
o n  .. ter PA17605  -7  - ' 35 2390 Far - 7  ,5t 7651 

Page 2 of 2 

P 0 22 USAID 
Re1 

Respectful 1 y Submitted 
Jernfer E Hess B S 
Group Leader Pest1 cideslPCBs 



Lancaster Laboratories 
A drvrslon of Thermo Analyt~cal lnc 

LLI Sample NO sw 2775699 
Col 1 ected 

Submitted 91 8197 Reported 10/ 6197 
Discard 10121197 

HH 2 Gravel Sample 

CAT 
NO ANALYSIS NAME 

Account No 05267 
Burns & Roe Enviro Services 
2570 Blvd o f  the Generals 
Suite #I20 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

1216 PCBs i n  Sol ids See Page 2 

1 COPY TO Burns & Roe Enviro Services A l l N  M r  David Cooksley 

Questions? Contact your C l  i ent Services Representative 
at  (717) 656 2300 

19 24 04 D 0001 20 581169 
104 0 00 00012500 ASROOO 

Page 1 of 2 

P 0 22 USAID 
Re1 

Respectful 1 y Submitted 
Ldn~a 7e Laoo a ro r~e  Jenifer E Hess B S 

M E M E R 24'5 lw HO 3-0 P I ~ Q  
Group Leader Pesticides/PCBs 

P 3  k 12425 
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Lancaster Laboratories 
A drvrsron o f  Thermo Analvtrcal Inc 

LLI Sample NO sw 2775699 
Col1 ected 

Submitted 91 8/97 Reported 101 6/97 
Dl scard 10121197 

HH 2 Gravel Sample 

Account No 05267 
Burns & Roe Enviro Services 
2570 Blvd o f  the Generals 
Suite #I20 
Norristown PA 19403 6974 

Questi 0ns? Contact your C l  i ent Servi ces Representative 
at (717) 656 2300 

CAT 
NO ANALYSIS NNE 

PCBs ~n Sol ids 

1495 PCB 1016 
1496 PCB 1221 
1497 PCB 1232 
1498 PCB 1242 
1499 PCB 1248 
1500 PCB 1254 
1501 PCB 1260 

AS RECEIVED 
LIMIT OF 

< 0 16 0 16 mglkg 
c 0 16 0 16 mglkg 
< 0 16 0 16 mglkg 
< 0 16 0 16 mglkg 
< 0 16 0 1 6  mglkg 
< 0 16 0 16 mglkg 
< 0 16 0 16 mglkg 

M E M 8 E R 2425 N e i  HG land P I ~ P  
P 3 f i d x  2 - 2  
L a q ~ a  - P- EC5 2+- 
'17 - 5  23 , -1' C ~ Q  265 

Page 2 of 2 

P 0 22 USAID 
Re1 

Respectful 1 y Submitted 
Jenifer E Hess B S 
Group Leader Pest1 c~des/PCBs 



Lancaster Laboratories 
A d~vrslon of Thermo Analytrcal Inc 

LLI Sample NO. sw 2775694 
Co1 1 ected 

Submitted 91 8/97 Reported 101 6/97 
Dl scard 10/21/97 

AH 1 Gravel Sample 

Armenia 

CAT 
NO ANALYSIS NAME 

Account No 05267 
Burns & Roe Enviro Services 
2570 Blvd o f  the Generals 
Suite #I20 
Norristown PA 19403 6974 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

1216 PCBs i n  Sol ids  See Page 2 

1) 

1 COPY TO Burns & Roe Enviro Services ATTN Mr David Cooksley 

Quest1 ons' Contact your C l  i ent Services Representative 
a t  (717) 656 2300 

19 23 07 D 0001 20 581169 
104 0 00 00012500 ASROOO 

Page 1 o f  2 

P 0 22 USAID 
Re1 

Respectful 1 y Submitted 
Jenifer E Hess B S 
Group Leader Pesticides/PCBs 



Lancaster Laboratories 
A division of Thermo Analytical Inc 

LLI Sample NO. sw 2775694 
Collected 

Submitted 91 8/97 Reported 101 6/97 
Dl scard 10121197 

AH 1 Gravel Sample 

P 0 22 USAID 

Suite #I20 I Norri  stown PA 19403 6974 1 
AS RECEIVED 

CAT 
NO ANALYSIS NAME 

PCBs in Sol ids  

1495 PCB 1016 
1496 PCB 1221 
1497 PCB 1232 
1498 PCB 1242 
1499 PCB 1248 
1500 PCB 1254 
1501 PCB 1260 

Page 2 o f  2 

. - 

LIMIT OF 
RESULTS QUANTITATION UNITS 

Questions? Contact your C l  i ent Services Representative 
a t  (717) 656 2300 

Respectful 1 y Submitted 
Jenifer E Hess B S 
Group Leader Pesti c i  des/PCBs 



Lancaster Laboratories 
A drvrsron of Thermo Analytrcal Inc 

LLI Sample NO sw 2775695 
Col 1 ected 

Submitted 91 8/97 Reported 101 6/97 
Discard 10121197 

AH 2 Gravel Sample 

Armeni a 

CAT 
NO ANALYSIS NAME 

Account No 05267 
Burns & Roe Enviro Services 
2570 Blvd o f  the Generals 
Suite #120 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

1216 PCBs i n  Sol ids See Page 2 

e 
1 COPY TO Burns & Roe Enviro Services A l l N  M r  David Cooksley 

Questions? Contact your C l  l en t  Services Representative 
a t  (717) 656 2300 

19 23 17 D 0001 20 581169 
104 0 00 00012500 ASROOO 

Page 1 of 2 

Respectful 1 y Submitted 
Jenifer E Hess B S 
Group Leader Pesti cideslPCBs 



Lancaster Laboratories 
A dlv~s~on of Thermo Analyt~cal Inc 

LLI Sample NO sw 2775695 
Call ected 

Submitted 91 8/97 Reported lo/ 6/97 
D l  scard 10121197 

AH 2 Gravel Sample 

Armeni a 

CAT 
NO ANALYSIS NAME 

PCBs i n  Sol ids 

1495 PCB 1016 
1496 PCB 1221 
1497 PCB 1232 
1498 PCB 1242 
1499 PCB 1248 
1500 PCB 1254 
1501 PCB 1260 

Account No 05267 
Burns & Roe Enviro Services 
2570 Bl vd o f  the Generals 
Suite #120 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

c 0 16 016 mglkg 
c 0 16 0 16 mglkg 
< 0 16 0 16 mglkg 
< 0 16 0 16 mglkg 
c 0 16 0 16 mglkg 
0 18 0 16 mg/kg 

< 0 16 0 16 mg/kg 

Questions? Contact your Client Services Representative 
at (717) 656 2300 

Page 2 of 2 

Respectful 1 y Submitted 
Jeni fer E Hess B S 
Group Leader Pesti cides/PCBs 



Lancaster Laboratories 
A drvrsron o f  Thermo Analpcal Inc 

LLI sample NO sw 2775696 
Col 1 ected 

Submitted 91 8197 Reported 101 6/97 
D~scard  10121197 

GH 1 Gravel Sample 

Armeni a 

CAT 
NO ANALYSIS NAME - 

1216 PCBs i n  Sol ids  

Account No 05267 
Burns & Roe Enviro Services 
2570 Blvd o f  the Generals 
Suite #I20 
Norristown PA 19403 6974 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

See Page 2 

a 
1 COPY TO Burns & Roe Enviro Services A l l N  M r  David Cooksley 

Questions? Contact your Cl ient  Services Representative 
a t  (717) 656 2300 

19 23 28 D 0001 20 581169 
104 0 00 00012500 ASROOO 

Page 1 o f  2 

P 0 22 USAID 
Re1 

Respectful 1 y Submitted 
Jeni f e r  E Hess B S 

Lancane Laboratones 

M E M B E R 2425 New Hoilano Pine 
Group Leader Pesti c i  des/PCBs 

PO bok 124ZC 
Lncaster PA 17607 2-125 
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Lancaster Laboratories 
A drv~von of Thermo Analvtlcal Inc 

LLI Sample NO sw 2775696 
Col 1 ected 

Submitted 91 8197 Reported 101 6/97 
Discard 10121197 

GH 1 Gravel Sample 

Armenia 

CAT 
- NO ANALYSIS NAME 

Account No 05267 
Burns & Roe Enviro Services 
2570 Blvd o f  the Generals 
Suite #I20 
Nornstown PA 19403 6974 

AS RECEIVED 
LIMIT OF 

PCBs 1n Sol I ds 

1495 PCB 1016 < 0 80 0 80 mglkg 
1496 PCB 1221 < 0 80 0 80 mglkg 
1497 PCB 1232 c 0 80 0 80 mg/kg 
1498 PCB 1242 < 0 80 0 80 mglkg 

- 1499 PCB 1248 < 0 80 0 80 mglkg 
- 1500 PCB 1254 2 79 0 80 mglkg 

1501 PCB 1260 < 0 80 080  mglkg 
The values reported for the Aroclors represent the lowest quantitation 
l ~ r n i t s  obtainable This i s  due t o  dilutions or interfering peaks from the 
presence o f  Aroclor 1254 

Questions? Contact your C l~en t  Services Representative 
at (717) 656 2300 

Page 2 of 2 

P 0 22 USAID 
Re1 

Respectful 1 y Submitted 
Jeni fer  E Hess B S 

iancoster aborator Group Leader Pest1 cides1PCBs 
R 2223 New Hollana Plkp 

?G box 12425 
L a r c ~  ter PH 1 7 6 1 ~ ~  2425 

656 230" Fa 11' 656 2681 Ccd +her e O i drri 101 71 5 mb0l5 Pd dbblru'ld n 21. .e SIC,,Pt 
$ a l / & b  



Lancaster Laboratories 
A d~wsron of Thermo Analytrcal Inc 

LLI Sample NO sw 2775697 
Col lected 

Subm~tted 91 8/97 Reported 101 6/97 
D i  scard 10121197 

GH 2 Gravel Sample 

CAT 
NO ANALYSIS NAME 

Account No 05267 
Burns & Roe Env~ro Services 
2570 Blvd o f  the Generals 
Suite #I20 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

Page 1 of 2 

P 0 22 USAID 
Re1 

1216 PCBs ~n Sol 1ds See Page 2 

I) 

1 COPY TO Burns & Roe Enviro Services Am Mr David Cooksley 

Questions? Contact your C l  lent Services Representative 
at (717) 656 2300 

19 23 39 D 0001 20 581169 
104 0 00 00012500 ASROOO 

- - - - - - - - - - 
PO Box 1242> 
Laicaster PA 17605 2425 
717 656 230C Fa 717 656 2681 

Respectf u l l  y Subm~ t ted  
Jenifer E Hess B S 
Group Leader Pest1 c l  des/PCBs 

See reterse sloe for ex~lanat lcn cf s)mSols and abbrevlar~ons 2216 ReuSiOli9b 



Lancaster Laboratories 
A drv~sron of  Thermo Analyt~cal Inc 

LLI Sample NO. sw 2775697 
Col 1 ected 

Submitted 91 8/97 Reported 101 6/97 
D i  scard 10/21/97 

GH 2 Gravel Sample 

Armenia 

CAT 
NO ANALYSIS NAME 

PCBs i n  Sol ids 

1495 PCB 1016 
1496 PCB 1221 
1497 PCB 1232 
1498 PCB 1242 

Account No 05267 
Burns & Roe Enviro Servlces 
2570 Blvd o f  the Generals 
Suite #I20 
Norri stown PA 19403 6974 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

1499 PCB 1248 < 1 6  1 6  G/ki 
1500 PCB 1254 1 7  1 6  mglkg 
1501 PCB 1260 e l 6  1 6 mg/kg 

The values r e~o r t ed  for  the Aroclors reoresent the lowest auantitation 
l im i t s  obtainable This i s  due t o  dilutions or interfenng peaks from the 
presence o f  Aroclor 1254 

Quest1 ons? Contact your Client Services Representative 
at  (717) 656 2300 

Page 2 o f  2 

P 0 22 USAID 
Re1 

Respectful 1 y Submitted 
Lancaster Laboratories 

Jeni fer E Hess B S 

M E M B E R 2425 New Holland Plke 
Group Leader Pesti cides/PCBs 

PO Box 12425 
Lancasrer PA 17605 2425 
717 656 2300 Fax 717 656 2681 See rev* se lo* for explanat101 of s \ rn~o l  ano abb t. dion 2216 Rev 5101/96 



Final Techn~cal Report ENVIRONMENTAL ASSESSMENT 
OF ARMENIAN ENERGY SECTOR 

"Rngerpnnt~ng" (48 Congener) Analys~s Reports 

Burns and Roe Enterprises, Inc U S Agency for Internat~onal Development 



Lancaster Laboratories 
A dlvrslon of Thermo Analvt~cai Inc 

LLI Sample NO sw 2812808 
Col lected 

Subm~tted 11/ 4/97 Reported 11/26/97 
Dl scard 12/11/97 

YT 3 Gravel Sample 
Previous Lab #2775711 
Armem a 

CAT 
NO ANALYSIS NAME 

7732 PCB Congeners S o ~ l s  
7733 PCB Congeners So1 1s Cont 

Account No 05267 
Burns and Roe Enterprises Inc 
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Lancaster Laboratories 
A drv~sron of Thermo Analytical Inc 

Page 2 of 5 

LLI Sample NO. sw 2812808 
Col 1 ected 

Submitted 111 4/97 Reported 11/26/97 
Discard 12/11/97 

YT 3 Gravel Sample 
Prev~ous Lab #2775711 
Armem a 

CAT 
NO ANALYSIS NAME 

PCB Congeners Soils 

7734 PCB 1 
7735 PCB 5 

PCB 8 
PCB 18 
PCB 28 
PCB 31 
PCB 37 
PCB 44 
PCB 49 
PCB 52 
PCB 66 
PCB 70 
PCB 74 
PCB 77 
PCB 81 
PCB 87 
PCB 99 
PCB 101 
PCB 105 
PCB 110 
PCB 114 
PCB 118 
PCB 119 
PCB 123 
PCB 126 
PCB 128 
PCB 138 
PCB 141 
PCB 151 
PCB 153 
PCB 156 
PCB 157 
PCB 158 
PCB 167 

7768 PCB 168 
7769 PCB 169 
7770 PCB 170 
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Burns and Roe Enterprlses Inc 
2570 Bl  vd o f  the Generals 
Sui te 120 
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Lancaster Laboratories 
A d~vrvon of Thermo Analytrcai Inc 

LLI Sample NO. sw 2812808 
Col1 ected 

Submitted 111 4/97 Reported 11/26/97 
Di scard 12/11/97 

- 
YT 3 Gravel Sample 
Previous Lab #2775711 
Armem a 

CAT 
NO ANALYSIS NAME 

Account No 05267 
Burns and Roe Enterprises Inc 
2570 Blvd of the Generals 
Suite 120 
Norn stown PA 19403 6974 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

PCB Congeners Soils 

7771 PCB 177 c 0 00020 0 00020 mglkg 
IUPAC # Congener 
PCB 1 2 Chlorobiphenyl 
PCB 5 2 3 D1chlorobiphenyl 
PCB 8 2 4 Dichlorob~phenyl 
PCB 18 2 2 5 Tnchlorobiphenyl 
PCB 28 2 4 4 Tnchlorobiphenyl 
PCB 31 2 4 5 Trichlorobiphenyl 
PCB 37 3 4 4 Tr~chlorobiphenyl 
PCB 44 2 2 3 5 Tetrachloroblphenyl 
PCB 49 2 2 4 5 Tetrachlorobiphenyl 
PCB 52 2 2 5 5 Tetrachlorobiphenyl 
PCB 66 2 3 4 4 Tetrachlorobiphenyl 
PCB 70 2 3 4 5 Tetrachlorobiphenyl 
PCB 74 2 4 4 5 Tetrachlorobiphenyl 
PCB 77 3 3 4 4 Tetrachlorobiphenyl 
PCB 81 3 4 4 5 Tetrachlorobiphenyl 
PCB 87 2 2 3 4 5 Pentachlorobiphenyl 
PCB 99 2 2 4 4 5 Pentachlorob~phenyl 
PCB 101 2 2 4 5 5 Pentachlorob~phenyl 
PCB 105 2 3 3 4 4 Pentachlorob~phenyl 

Questions? Contact your Cl lent Servl ces Representative 
at (717) 656 2300 
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Lancaster Laboratories 
A drv~sron of Therrno Analvtical Inc 

LLI Sample NO sw 2812808 
Col lected 

Submitted 111 4/97 Reported 11/26/97 
Dlscard 12/11/97 

YT 3 Gravel Sample 
Previous Lab #2775711 
Armenia 

Page 4 of 5 

Account No 05267 P 0 22 USAID 
Burns and Roe Enterprises Inc Re1 
2570 Bl vd of the Generals 
Suite 120 
Nornstown PA 19403 6974 

AS RECEIVED 
CAT LIMIT OF 
NO ANALYSIS NAME RESULTS QUANTITATION UNITS 

PCB Congeners Solls 

PCB 110 2 3 3 4 6 Pentachloroblphenyl 
PCB 114 2 3 4 4 5 Pentachlorobiphenyl 
PCB 118 2 3 4 4 5 Pentachlorobiphenyl 
PCB 119 2 3 4 4 6 Pentachlorobiphenyl 
PCB 123 2 3 4 4 5 Pentachlorobiphenyl 
PCB 126 3 3 4 4 5 Pentachlorob~phenyl 
PCB 128 2 2 3 3 4 4 Hexachlorob~phenyl 
PCB 138 2 2 3 4 4 5 Hexachlorobiphenyl 
PCB 141 2 2 3 4 5 5 Hexachlorobiphenyl 
PCB 151 2 2 3 5 5 6 Hexachlorob~phenyl 
PCB 153 2 2 4 4 5 5 Hexachlorob~phenyl 
PCB 156 2 3 3 4 4 5 Hexachlorobiphenyl 
PCB 157 2 3 3 4 4 5 Hexachlorobiphenyl 
PCB 158 2 3 3 4 4 6 Hexachlorob~phenyl 
PCB 167 2 3 4 4 5 5 Hexachlorob~phenyl 
PCB 168 2 3 4 4 5 6 Hexachlorobiphenyl 
PCB 169 3 3 4 4 5 5 Hexachlorobiphenyl 
PC8 170 2 2 3 3 4 4 5 Heptachlorob~phenyl 
PCB 177 2 2 3 3 4 5 6 Heptachlorob~phenyl 

Questions? Contact your Cl lent Services Representative 
at (717) 656 2300 
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Lancaster Laboratories 
A divis~on of Thermo Analytlcai Inc 

LLI Sample NO sw 2812808 
Coll ected 

Submitted 111 4/97 Reported 11/26/97 
D i  scard 12/11/97 

YT 3 Gravel Sample 
Previous Lab #2775711 
Armenia 

CAT 
NO ANALYSIS NAME 

Account No 05267 
Burns and Roe Enterpn ses Inc 
2570 Blvd o f  the Generals 
Suite 120 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

PCB Congeners Soils Cont 

7772 PCB 180 .c 0 00020 0 00020 mglkg 
7773 PCB 183 < 0 00020 0 00020 mglkg 
7774 PCB 184 < 0 00020 0 00020 mglkg 
7775 PCB 187 < 0 00020 0 00020 mglkg 
7776 PCB 189 < 0 00020 0 00020 mglkg 
7777 PCB 194 < 0 00020 0 00020 mglkg 
7778 PCB 195 < 0 00020 0 00020 mglkg 
7779 PCB 199 c 0 00020 0 00020 mglkg 
7780 PCB 206 < 0 00020 0 00020 mglkg 
7781 PCB 209 < 0 00020 0 00020 mglkg 

IUPAC # Congener 
PCB 180 2 2 3 4 4 5 5 Heptachlorobiphenyl 
PCB 183 2 2 3 4 4 5 6 Heptachlorobiphenyl 
PCB 184 2 2 3 4 4 6 6 Heptachlorobiphenyl 
PCB 187 2 2 3 4 5 5 6 Heptachlorobiphenyl 
PCB 189 2 3 3 4 4 5 5 Heptachlorobiphenyl 
PCB 194 2 2 3 3 4 4 5 5 Octachlorobiphenyl 
PCB 195 2 2 3 3 4 4 5 6 Octachlorobiphenyl 
PCB 199 2 2 3 3 4 5 5 6 Octachlorobiphenyl 
PCB 206 2 2 3 3 4 4 5 5 6 Nonachlorobiphenyl 
PCB 209 Decachl orobi phenyl 
The to ta l  PCB concentration for the analytes l i s t ed  i s  0 0057 mglkg 

The sample d l  splayed surrogate recovenes which f e l l  outside the 1 aboratory 
l im i t s  This was determined t o  be due t o  matnx effects 

The sample matnx created chromatographic effects which a1 tered anal yte 
retention times Chromatographic ident i f icat ion o f  anal ytes was based on 
a spiked extract evaluation 

Questions? Contact your Cl i ent Services Representative 
at (717) 656 2300 

M E M B E R  
- 

Page 5 of 5 

P 0 22 USAID 
Re1 

Respectful1 y Submitted 
Jenifer E Hess B S 
Group Leader Pesti cides/PCBs 

PT 
E 



Lancaster Laboratories 
A dlvlvon of Thermo Analvtrcai lnc 

LLI Sample NO sw 2812806 
Col 1 ected 

Submitted 111 4/97 Reported 11/26/97 
- Di scard 12/11/97 
- 

AH 2 Gravel Sample 
Previous Lab #2775695 
Armenia 

CAT 
NO ANALYSIS NAME 

7732 PCB Congeners So i ls  
7733 PCB Congeners So i ls  Cont 

Account No 05267 
Burns and Roe Enterprises Inc 
2570 Blvd o f  the Generals 
Suite 120 
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LIMIT OF 

RESULTS QUANTITATION UNITS 
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ancaster Laboratories 
A drv~sron o f  Thermo Analvtrcal Inc 

'I' 

LLI Sample NO. sw 2812806 
Collected 

Submitted 111 4/97 Reported 11/26/97 
Discard 12/11/97 

AH 2 Gravel Sample 
Previous Lab #2775695 
Armenia 

CAT 
NO ANALYSIS NAME 

PCB C 

7734 
7735 
7736 
7737 
7738 
7739 
7740 
7741 
7742 
7743 
7744 
7745 
7746 
7747 
7748 
7749 
7750 

.ongeners Sol 1 s 

PCB 1 
PCB 5 
PCB 8 
PCB 18 
PCB 28 
PCB 31 
PCB 37 
PCB 44 
PCB 49 
PCB 52 
PCB 66 
PCB 70 
PCB 74 
PCB 77 
PCB 81 
PCB 87 
PCB 99 
PCB 101 
PCB 105 
PCB 110 
PCB 114 
PCB 118 
PCB 119 
PCB 123 
PCB 126 
PCB 128 
PCB 138 
PCB 141 
PCB 151 
PCB 153 
PCB 156 
PCB 157 
PCB 158 
PCB 167 
PCB 168 
PCB 169 
PCB 170 

Account No 05267 
Burns and Roe Enterpnses I~c 
2570 Blvd o f  the Generals 
Suite 120 
Nornstown PA 19403 6974 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 
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Lancaster Laboratories 
A dlvrslon of Thermo Analvtrcai Inc 

LLI Sample NO sw 2812806 
Col1 ected 

Submitted 111 4/97 Reported 11/26/97 
Discard 12/11/97 

AH 2 Gravel Sample 
Previous Lab #2775695 
Armenia 

CAT 
NO ANALYSIS NAME 

Account No 05267 
Burns and Roe Enterpnses Inc 
2570 Blvd of the Generals 
Suite 120 
Norn stown PA 19403 6974 

AS RECEIVED - - 

LIMIT OF 
RESULTS QUANTITATION UNITS 

PCB Congeners Sol 1 s 

7771 PCB 177 < 0 00020 0 00020 mglkg 
IUPAC # Congener 
PCB 1 2 Chlorobiphenyl 
PCB 5 2 3 Dichlorobiphenyl 
PCB 8 2 4 Dichlorobiphenyl 
PCB 18 2 2 5 Tnchlorobiphenyl 
PCB 28 2 4 4 Tnchlorobiphenyl 
PCB 31 2 4 5 Tr~chlorob~phenyl 
PCB 37 3 4 4 T n  chlorobiphenyl 
PCB 44 2 2 3 5 Tetrachlorobiphenyl 
PCB 49 2 2 4 5 Tetrachlorobiphenyl 
PCB 52 2 2 5 5 Tetrachlorobiphenyl 
PCB 66 2 3 4 4 Tetrachlorobiphenyl 
PCB 70 2 3 4 5 Tetrachlorob~phenyl 
PCB 74 2 4 4 5 Tetrachlorobiphenyl 
PCB 77 3 3 4 4 Tetrachlorobiphenyl 
PCB 81 3 4 4 5 Tetrachlorobiphenyl 
PCB 87 2 2 3 4 5 Pentachlorobiphenyl 
PCB 99 2 2 4 4 5 Pentachlorobiphenyl 
PCB 101 2 2 4 5 5 Pentachlorobiphenyl 
PCB 105 2 3 3 4 4 Pentachlorobiphenyl 

Questions7 Contact your Cl lent Services Representative 
at (717) 656 2300 
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Re1 
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Lancaster Laboratories 
A drwsron of Thermo Analytrcal Inc 

LLI Sample NO. sw 2812806 
Col 1 ected 

S u h t t e d  111 4/97 Reported 11/26/97 

(I, 
Di scard 12/11/97 

AH 2 Gravel Sample 
Previous Lab #2775695 
Armeni a 

CAT * NO ANALYSISWE 

Page 4 of 5 

AS RECEIVED 

Account No 05267 
Burns and Roe Enterpnses Inc 
2570 Blvd o f  the Generals 
Suite 120 
Norristown PA 19403 6974 

LIMIT OF 
RESULTS QUANTITATION UNITS 

P 0 22 USAID 
Re1 

PCB Congeners Soils 

PCB 110 2 3 3 4 6 Pentachlorobiphenyl 
PCB 114 2 3 4 4 5 Pentachlorobiphenyl 
PCB 118 2 3 4 4 5 Pentachlorobiphenyl 
PCB 119 2 3 4 4 6 Pentachlorobiphenyl 
PCB 123 2 3 4 4 5 Pentachlorobiphenyl 
PCB 126 3 3 4 4 5 Pentachlorobiphenyl 
PCB 128 2 2 3 3 4 4 Hexachlorobiphenyl 
PCB 138 2 2 3 4 4 5 Hexachlorobiphenyl 
PCB 141 2 2 3 4 5 5 Hexachlorobiphenyl 
PCB 151 2 2 3 5 5 6 Hexachlorobiphenyl 
PCB 153 2 2 4 4 5 5 Hexachlorobiphenyl 
PCB 156 2 3 3 4 4 5 Hexachlorobiphenyl 
PCB 157 2 3 3 4 4 5 Hexachlorobiphenyl 
PCB 158 2 3 3 4 4 6 Hexachlorobiphenyl 
PCB 167 2 3 4 4'5 5 Hexachlorobiphenyl 
PCB 168 2 3 4 4 5 6 Hexachlorobiphenyl 
PCB 169 3 3 4 4 5 5 Hexachlorobiphenyl 
PCB 170 2 2 3 3 4 4 5 Heptachlorobiphenyl 
PCB 177 2 2 3 3 4 5 6 Heptachlorobiphenyl 

Questions? Contact your Client Services Representative 
at (717) 656 2300 
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Lancaster Laboratories 
A div~von of Thermo Analvtrcal Inc 

LLI Sample NO. sw 2812806 
Col lected 

Submitted 111 4/97 Reported 11/26/97 
D l  scard 12/11/97 

AH 2 Gravel Sample 
Previous Lab #2775695 
Armen1 a 

CAT 
NO ANALYSIS NAME 

PCB Congeners 

7772 PCB 180 
7773 PCB 183 
7774 PCB 184 
7775 PCB 187 
7776 PCB 189 
7777 PCB 194 
7778 PCB 195 
7779 PCB 199 
7780 PCB 206 
7781 PCB 209 

Soils Cont 

Account No 05267 P 0 22 USAID 
Burns and Roe Enterpn ses I~c  1 Re1 
2570 Blvd o f  the Generals 
Suite 120 1 brn stown PA 19403 6974 1 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

M E M B E R  J "  I 

F - 

Page 5 of 5 

IUPAC # Congener 
PCB 180 2 2 3 4 4 5 5 Heptachlorobiphenyl 
PCB 183 2 2 3 4 4 5 6 Heptachloroblphenyl 
PCB 184 2 2 3 4 4 6 6 He~tachlorob i~hen~l  
PCB 187 2 2 3 4 5 5 6 ~eptachlorobiphenj'l 
PCB 189 2 3 3 4 4 5 5 Heptachlorobiphenyl 
PCB 194 2 2 3 3 4 4 5 5 Octachlorob~phenyl 
PCB 195 2 2 3 3 4 4 5 6 Octachlorob~phenyl 
PCB 199 2 2 3 3 4 5 5 6 Octachlorobiphenyl 
PCB 206 2 2 3 3 4 4 5 5 6 Nonachlorob~phenyl 
PCB 209 Decachlorobi phenyl 
The to ta l  PCB concentration for the analytes l ~ s t e d  IS 

The sample dl  spl ayed surrogate recoven es which f e l l  outside the 1 aboratory 
l l r n ~ t s  T h ~ s  was determ~ned t o  be due t o  matrix effects 

The sample matrix created chrornatographlc effects which altered analyte 
re tent~on times Chromatographic identi fi cation o f  analytes was based on 
a splked extract evaluatlon 

Questions? Contact your Client Services Representatlve 
at (717) 656 2300 

Respectful 1 y Subm~ t ted 
Jeni fer E Hess B S 
Group Leader Pesti CI des/PCBs 



Lancaster Laboratories 
A d~v~sron of Thermo Analvtlcal Inc 

LLI Sample NO sw 2812807 
Col 1 ected 

Submitted 111 4/97 Reported 11/26/97 

8 
Dl scard 12/11/97 

GH 1 Gravel Sample 
Previous Lab #2775696 
Arrneni a 

CAT 
NO ANALYSIS NAME 

7732 PCB Congeners Soils 
7733 PCB Congeners Soils Cont 

Account No 05267 
Burns and Roe Enterpn ses Inc 
2570 Blvd o f  the Generals 
Suite 120 
Norristown PA 19403 6974 1 
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LIMIT OF 

rn 
1 COPY TO Burns & Roe Enterpnses Inc AlTN M r  David Cooksley 

Questi on9  Contact Your C l  i ent Servi ces Re~reSentatl ve 
at (717) 656' 2300 
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41SL ancaster Laboratories 
A d~v~sron of Thermo Analvtlcal Inc 

LLI Sample NO. sw 2812807 
Coll ected 

Submitted 111 4/97 Reported 11/26/97 
Dl scard 12/11/97 

\ 

GH 1 Gravel Sample 
Previous Lab #2775696 
Armenia 

CAT ., NO ANALYSIS NAME 

PCB Congeners Soils 

7734 PCB 1 
7735 PCB 5 

PCB 8 
PCB 18 
PCB 28 
PCB 31 
PCB 37 
PCB 44 
PCB 49 
PCB 52 
PCB 66 
PCB 70 
PCB 74 
PCB 77 
PCB 81 
PCB 87 
PCB 99 
PCB 101 

7752 PCB 105 
7753 PCB 110 
7754 PCB 114 
7755 PCB l i 8  
7756 PCB 119 
7757 PCB 123 
7758 PCB 126 
7759 PCB 128 
7760 PCB 138 
7761 PCB 141 
7762 PCB 151 
7763 PCB 153 
7764 PCB 156 
7765 PCB 157 
7766 PCB 158 
7767 PCB 167 
7768 PCB 168 
7769 PCB 169 

1, 7770 PCB 170 

Account No 05267 
Burns and Roe Enterprlses Inc 
2570 Blvd o f  the Generals 
Suite 120 
Norr~stown PA 19403 6974 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

Questions? Contact your C l  lent Services Representative 
at (717) 656 2300 
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Lancaster Laboratories 
A d ~ v ~ s ~ o n  of Thermo Analvt~cal Inc 

LLI Sample NO sw 2812807 
Coll ected 

Submitted 111 4/97 Reported 11/26/97 
Dl scard 12/11/97 

GH 1 Gravel Sample 
Previous Lab #2775696 
Armeni a 

Account No 05267 
Burns and Roe Enterprises Inc 
2570 Bl vd o f  the Generals 
Suite 120 
Nornstown PA 19403 6974 7 

AS RECEIVED 
CAT LIMIT OF 
NO ANALYSIS NAME RESULTS QUANTITATION UNITS 

PCB Congeners Soils 

7771 PCB 177 c 0 0010 0 0010 mglkg 
IUPAC # Congener 
PCB 1 2 Chlorobiphenyl 
PCB 5 2 3 Dichlorobiphenyl 
PCB 8 2 4 Dichlorobiphenyl 
PCB 18 2 2 5 T n  chl orobiphenyl 
PCB 28 2 4 4 Trichl orobiphenyl 
PCB 31 2 4 5 Trichlorobiphenyl 
PCB 37 3 4 4 Tnchlorobiphenyl 
PCB 44 2 2 3 5 Tetrachlorobiphenyl 
PCB 49 2 2 4 5 Tetrachlorobiphenyl 
PCB 52 2 2 5 5 Tetrachlorobiphenyl 
PCB 66 2 3 4 4 Tetrachlorobiphenyl 
PCB 70 2 3 4 5 Tetrachlorobiphenyl 
PCB 74 2 4 4 5 Tetrachlorobiphenyl 
PCB 77 3 3 4 4 Tetrachlorobi henyl 
PCB 81 3 4 4 5 ~etrachlorobi~!enyl 
PCB 87 2 2 3 4 5 Pentachlorobiphenyl 
PCB 99 2 2 4 4 5 Pentachlorobiphenyl 
PCB 101 2 2 4 5 5 Pentachlorobiphenyl 
PCB 105 2 3 3 4 4 Pentachlorobiphenyl 

Questions? Contact your C l  lent Services Representative 
at  (717) 656 2300 
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Lancaster Laboratories 
A drv~s~on of Thermo Analyt~cal Inc 

LLI Sample NO. sw 2812807 
Collected 

Submitted 111 4/97 Reported 11/26/97 

0 Dl scard 12/11/97 

GH 1 Gravel Sample 
Previous Lab #2775696 
Armenia 

Account No 05267 
Burns and Roe Enterprlses Inc 
2570 Blvd of the Generals 
Suite 120 
Norrlstown PA 19403 6974 [I 
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P 0 22 USAID 
Re1 

AS RECEIVED 
CAT LIMIT OF * NO ANALYSISNAME WSULTS QUAMITATION UNITS 

PCB Congeners Soils 

PCB 110 2 3 3 4 6 Pentachloroblphenyl 
PCB 114 2 3 4 4 5 Pentachloroblphenyl 
PCB 118 2 3 4 4 5 Pentachloroblphenyl 
PCB 119 2 3 4 4 6 Pentachlorobiphenyl 
PCB 123 2 3 4 4 5 Pentachlorobiphenyl 
PCB 126 3 3 4 4 5 Pentachlorob~phenyl 
PCB 128 2 2 3 3 4 4 Hexachlorob~phenyl 
PCB 138 2 2 3 4 4 5 Hexachl orobiphenyl 
PCB 141 2 2 3 4 5 5 Hexachlorobiphenyl 
PCB 151 2 2 3 5 5 6 Hexachlorobiphenyl 
PCB 153 2 2 4 4 5 5 Hexachlorobl henyl 
PCB 156 2 3 3 4 4 5 Hexachlorobip i enyl 
PCB 157 2 3 3 4 4 5 Hexachlorobiphenyl 
PCB 158 2 3 3 4 4 6 Hexachl orobiphenyl 
PCB 167 2 3 4 4 5 5 Hexachlorobiphenyl 
PCB 168 2 3 4 4 5 6 Hexachlorob1phenyl 
PCB 169 3 3 4 4 5 5 Hexachlorobiphenyl 
PCB 170 2 2 3 3 4 4 5 Heptachlorobi henyl 
PCB 177 2 2 3 3 4 5 6 ~eptachloro~i~henyl 

Questions? Contact your Client Services Representatlve 
at (717) 656 2300 

Lar~as te r  Labordlor * 
M E M B E R  '42511ei h o  1 d b  r 
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Lancaster Laboratories 
A drvisron of Thermo Analytical Inc 

Account No 05267 
Burns and Roe Enterpnses Inc 
2570 Blvd of the Generals 
Suite 120 

LLI Sample NO. sw 2812807 
Collected 

Submitted 111 4/97 Reported 11/26/97 
Di scard 12/11/97 

GH 1 Gravel Sample 
Previous Lab #2775696 
Armem a 

AS RECEIVED 
CAT LIMIT OF 
NO ANALYSIS NAME RESULTS QUANTITATION UNITS 

PCB Congeners Sol 1 s Cont 

7772 PCB 180 0 0415 0 0010 w/kg 
7773 PCB 183 0 0089 0 0010 mglkg 
7774 PCB 184 < 0 0060 0 0060 mglkg 
7775 PCB 187 0 0087 0 0010 mglkg 
7776 PCB 189 0 0017 0 0010 w/kg 
7777 PCB 194 0 0030 0 0010 mglkg 
7778 PCB 195 0 0011 0 0010 mglkg 
7779 PCB 199 c 0 0030 0 0030 mglkg 
7780 PCB 206 0 0010 0 0010 mglkg 
7781 PCB 209 c 0 0010 0 0010 rrrg/kg 

IUPAC # Congener 
PCB 180 2,2 3 4 4 5,5 Heptachl orobiphenyl 
PCB 183 2 2 3 4 4' 5 6 Heptachlorobiphenyl 
PCB 184 2.2 3 4 4 6 6 Heptachlorobiphenyl 
PCB 187 2 2 3 4 5 5 6 Heptachlorobiphenyl 
PCB 189 2 3 3 4 4 5 5 Heptachlorobi henyl 
PCB 194 2 2 3 3 4 4 5 5 Octachloro!~phenyl 
PCB 195 2 2 3 3 4 4 5 6 Octachlorobiphenyl 
PCB 199 2 2 3 3 4 5 5 6 Octachlorob~phenyl 
PCB 206 2 2 3 3 4 4 5 5 6 Nonachlorobiphenyl 
PCB 209 Decachl orobi phenyl 
The total PCB concentration for the analytes listed is 0 824 mglkg 

The sample matnx created chromatographic effects which altered analyte 
retention times Chromatographic identification of  analytes was based on 
a spiked extract evaluation 

Questions? Contact your Cl lent Services Representative 
at (717) 656 2300 

Page 5 of 5 

P 0 22 USAID 
Re1 

Respectful 1 y Submitted 
Jem fer E Hess B S 
Group Leader Pesti cides/PCBs 
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Lancaster Laboratories 
A drvlslon of Thermo Analyt~cal Inc 

LLI Sample No G5 2887118 
Col 1 ected 

Submitted 31 4/98 Reported 3/18/98 
D l  scard 4/18/98 

T I  140434 Marash 01 1 Sample 

CAT 
NO ANALYSIS NAME 

0174 PCBs i n  011 

Account No 05267 
Burns and Roe Enterprises Inc 

PO Box 222 
O r  adel 1 NJ 07649 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

See Page 2 

Page 1 o f  2 
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Questions7 Contact your C l  l en t  Services Representative 
Marl anne Bragg a t  (717) 656 2300 
12 13 33 D 0001 13 134128 605360 
320 0 00 00012000 ASROOO 

Respectful 1 y Submitted 
Jeni fer  E Hess B S 

L nca t t  ~acor3 c Group Leader Pest1 cides/PCBs 
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r; El< r 1' 
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Lancaster Laboratories 
A d~vrwon of Thermo Analytical Inc 

LLI Sample No 6 5  2887118 
Col l ected 

Submitted 31 4/98 Reported 3/18/98 
- DI scard 4/18/98 

T1 140434 Marash 011 Sample 

CAT 
NO ANALYSIS NNE 

PCBs i n  011 

4815 PCB 1016 
4816 PCB 1221 
4817 PCB 1232 
4818 PCB 1242 
4819 PCB 1248 
4820 PCB 1254 
4821 PCB 1260 

Account No 05267 
Burns and Roe Enterprises Inc 

PO Box 222 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

Quest~ons? Contact your C l  lent Services Representat] ve 
Marl anne Bragg at (717) 656 2300 

Page 2 o f  2 

w 
Respectful1 y Subm~ t ted 
Jemfer E Hess B S 
Group Leader Pestic~des/PCBs 



Lancaster Laboratories 
A d~vrsion of Thermo Analylrcal Inc 

L L I  Sample No G5 2887119 
Col 1 ected 

Submitted 31 4/98 Reported 3/18/98 
D l  scard 4/18/98 

- 

T2 110955 Marash O i l  Sample 

CAT 
NO ANALYSIS NAME 

Account No 05267 
Burns and Roe Enterprises Inc 

PO Box 222 
Oradel 1 NJ 07649 

AS RECEIVED 
LIMIT OF 

0174 PCBs i n  01 1 See Page 2 

1 COPY TO Burns and Roe Enterpnses Inc A l l 3  M r  Dave Cooksley 

Questions? Contact your Client Services Representative 
Man anne Bragg at (717) 656 2300 
12 13 49 D 0001 13 134128 605360 
320 0 00 00012000 ASROOO 

Lancaster Lab0   tor - 
M E M B E R 2425 Ne Ho and \e 

~ - ~ -  

FO Lor 2 P L  

Lan as or Pk 7WIq - 
- c \ ~  23C 1 - h ' - 

Page 1 o f  2 
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Respectful 1 y Submitted 
Jenlfer E Hess B S 
Group Leader Pesti cides/PCBs 
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Lancaster Laboratories 
A d~vlslon of Thermo Analyt~cal Inc 

LLI Sample No G5 2887119 
Col 1 ected 

Subm~tted 31 4/98 Reported 3/18/98 
Dl scard 4/18/98 

T2 110955 Marash Oil Sample 

CAT 

0 NO ANALYSIS NAME 

PCBs in 011 

4815 PCB 1016 
4816 PCB 1221 
4817 PCB 1232 
4818 PCB 1242 
4819 PCB 1248 
4820 PCB 1254 
4821 PCB 1260 

Account No 05267 
Burns and Roe Enterprises Inc 

PO Box 222 
Oradel 1 NJ 07649 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

Questions? Contact your Cl i ent Services Representative 
Marl anne Bragg at (717) 656 2300 

M E B E R 2425 1dei hol aid F I K ~  
PO Bo, 1242 
anca r~ F- l-rn, ', 

5 0 

Page 2 of 2 

Respectful 1 y Submitted 
Jen~fer E Hess B S 
Group Leader Pest1 ci desIPCBs 
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Lancaster Laboratories 
A d~v~slon of Thermo Analy-trcal Inc 

LLI Sample No G5 2887120 
Col 1 ected 

Submitted 3/ 4/98 Reported 3/18/98 
DI scard 4/18/98 

CB 2470 Marash O i l  Sample 

CAT 
NO ANALYSIS NAME 

0174 PCBs i n  O i l  

Account No 05267 
Burns and Roe Enterprises Inc 

PO Box 222 
O r  adel 1 NJ 07649 

AS RECEIVED 
LIMIT OF 

RESULTS QUMITATION UNITS 

1 COPY TO Burns and Roe Enterprises Inc A l l N  M r  Dave Cooksley 

Quest ions? Contact your C l  lent  Services Representative 
Marl anne Bragg at (717) 656 2300 
12 14 06 D 0001 13 134128 605360 
320 0 00 00012000 ASROOO 

See Page 2 

Page 1 o f  2 

Respectful 1 y Submitted 
Jeni fer E Hess B S 
Group Leader Pest1 c i  des/PCBs 



Lancaster Laboratories 
A d~v~ston of Thermo Analvtrcal Inc 

LLI Sample NO. 0 5  2887120 
Col 1 ected 

Submitted 31 4/98 Reported 3/18/98 
- Dl scard 4/18/98 

CB 2470 Marash O i l  Sample 

CAT 
NO ANALYSIS NAME 

PCBs i n  011 

4815 PCB 1016 
4816 PCB 1221 
4817 PCB 1232 
4818 PCB 1242 
4819 PCB 1248 
4820 PCB 1254 
4821 PCB 1260 

Account No 05267 
Burns and Roe Enterprises Inc 

PO Box 222 
Oradel 1 NJ 07649 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

Questions? Contact your C l  lent Services Representative 
Man anne Bragg at (717) 656 2300 

Page 2 of 2 

m- 
Respectful 1 y Submitted 
Jenifer E Hess B S 
Group Leader Pest1 c i  des/PCBs 



Lancaster Laboratories 
A drv~sion of Thermo Analytical Inc 

LLI Sample No G5 2887121 
Col l  ected 

Submitted 31 4/98 Reported 3/18/98 
Discard 4/18/98 

T1 88921 Zovuny O i l  Sample 

CAT 
NO ANALYSIS NAME 

Account No 05267 
Burns and Roe Enterpn ses Inc 

PO Box 222 
Oradel 1 NJ 07649 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

0174 PCBs i n  011 See Page 2 

* 
1 COPY TO Burns and Roe Enterprises Inc ATTN M r  Dave Cooksley 

Quest1 ons? Contact your C l  len t  Services Representative 
Marianne Bragg a t  (717) 656 2300 
12 14 20 D 0001 13 134128 605360 
320 0 00 00012000 ASROOO 

M E M B E R  HJIO t 

F 1 

Page 1 of 2 

Respectful 1 y Submitted 
Jeni fer  E Hess B S 
Group Leader Pesti c i  des/PCBs 



Lancaster Laboratories 
A dlv~slon of Thermo Analytical Inc 

LLI Sample NO GS 2887121 
Col 1 ected 

Submitted 3/ 4/98 Reported 3/18/98 
Discard 4/18/98 

T1 88921 Zovuny 01 1 Sample 

CAT 
NO ANALYSIS NAME 

PCBs i n  O i l  

4815 PCB 1016 
4816 PCB 1221 
4817 PCB 1232 
4818 PCB 1242 
4819 PCB 1248 
4820 PCB 1254 
4821 PCB 1260 

Account No 05267 
Burns and Roe Enterpri ses Inc 

PO Box 222 
Oradel 1 NJ 07649 

AS RECEIVED 
LIMIT OF 

Page 2 of 2 

questions? Contact your C l  lent Services Representative 
Man anne Bragg at (717) 656 2300 ~ R & -  + 

Respectful 1 y Submitted 
Jenifer E Hess B S 
Group Leader Pesti c i  des/PCBs 



Lancaster Laboratories 
A d/vtvon of Thermo Analvt~cal Inc 

LLI Sample No G5 2887122 
Col l ected Account No 05267 

Burns and Roe Enterprises Inc 
Submitted 31 4/98 Reported 3/18/98 

a Di scard 4/18/98 PO Box 222 
Oradel 1 NJ 07b49 

T2 105923 Zovuny 011 Sample 

CAT 

e NO ANALYSIS NAME 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

0174 PCBs i n  O i l  See Page 2 

* 
1 COPY TO Burns and Roe Enterprises Inc ATTN M r  Dave Cooksley 

Questions? Contact your Cl ient  Services Representatlve 
Man anne Bragg a t  (7171 656 2300 - 
12 14 33 D 0001 13 134128 605360 
320 0 00 00012000 ASROOO 

Page 1 o f  2 

Respectful 1 y Subml t t e d  
Jem fe r  E Hess B S 
Group Leader Pesti cides/PCBs 



elb Lancaster Laboratories 
A d~naon  of Thermo Analytical lnc 

LLI Sample No G5 2887122 
Collected 

Submitted 3/ 4/98 Reported 3/18/98 
Dl scard 4/18/98 

T2 105923 Zovuny 01 1 Sample 

CAT 
NO ANALYSIS NAME 

PCBs i n  011 

4815 PCB 1016 
4816 PCB 1221 
4817 PCB 1232 
4818 PCB 1242 
4819 PCB 1248 
4820 PCB 1254 
4821 PCB 1260 

Account No 05267 
Burns and Roe Enterprises Inc 

PO Box 222 
Oradel 1 NJ 07649 

AS RECEIVED 
LIMIT OF 

RESULTS QUAKTITATION UNITS 

Quest~ons? Contact your Cl ient  Services Representative 
Man anne Bragg a t  (717) 656 2300 

Page 2 o f  2 

Respectful 1 y Submitted 
Jemfer E Hess B S 
Group Leader Pest1 cides/PCBs 



Lancaster Laboratories 
A drwwon of Thermo Analytrcal Inc 

LLI Sample No G5 2887123 
Collected 

Submitted 31 4/98 Reported 3/18/98 
- D l  scard 4/18/98 
- 

CB 1328 Zovuny 01 1 Sample 

CAT 
NO ANALYSIS NAME 

0174 PCBs in Oil 

Account No 05267 
Burns and Roe Enterpri ses Inc 

PO Box 222 
Oradel 1 NJ 07649 7 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

See Page 2 

e 
1 COPY TO Burns and Roe Enterprises Inc A l l N  Mr Dave Cooksley 

Quest1 O ~ S ?  Contact your Cl i ent Services Re~resentatl ve 
Man anne Bragg - a t  (717) 656' 2300 
12 14 48 D 0001 13 134128 605360 
320 0 00 00012000 ASROOO 

Page 1 of 2 

Respectfully Subm~ tted 
Jeni fer E Hess B S 
Group Leader Pest1 c1desIPCBs 



Lancaster Laboratories 
A dlvlwon of Thermo Analytical Inc 

LLI Sample N o  G 5  2887123 
Col 1 ected 

Subml tted 3/ 4/98 Reported 3/18/98 
D l  scard 4/18/98 

CB 1328 Zovuny 01 1 Sample 

CAT 
NO ANALYSIS NAME 

PCBs i n  Oil 

4815 PCB 1016 
4816 PCB 1221 
4817 PCB 1232 
4818 PCB 1242 
4819 PCB 1248 
4820 PCB 1254 
4821 PCB 1260 

Account No 05267 
Burns and Roe Enterpnses Inc 

PO Box 222 
Oradel 1 NJ 07649 1 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

Questions' Contact your Cl i ent Services Representative 
Marl anne Bragg a t  (717) 656 2300 

Page 2 of 2 

Respectful 1 y Submitted 
Jeni fer E Hess B S 
Group Leader Pesti cides/PCBs 



Lancaster Laboratories 
A drv~sron of Thermo Analytrcal Inc 

LLI Sample No G5 2887124 
Col 1 ected 

Submitted 3 /4 /98  Reported 3/18/98 
D i  scard 4/18/98 

T1 133353 Shaumian 2 01 1 Sample 

CAT 
NO ANALYSIS NAME 

0174 PCBs i n  011 

Account No 05267 
Burns and Roe Enterprises Inc 

PO Box 222 
Oradel 1 NJ 07649 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

1 COPY TO Burns and Roe Enterprises Inc ATTN M r  Dave Cooksley 

Questions? Contact your Client Services Representative 
Man anne Bragg at  (717) 656 2300 
12 15 04 D 0001 13 134128 605360 
320 0 00 00012000 ASROOO 

M E M B E R  h" * '  
711 

- r 

See Page 2 

Page 1 o f  2 

Respectful 1 y Submitted 
Jeni fer E Hess 6 S 
Group Leader Pest1 cides/PCBs 



Lancaster Laboratories 
A divisron of Thermo Analytical Inc 

LLI Sample N o  G5 2887124 
Col 1 ected 

Submitted 31 4/98 Reported 3/18/98 
Discard 4/18/98 

TI 133353 Shaum~ an 2 011 Sample 

CAT 
NO 

PCBs 

ANALYSIS NAME 

PCB 1016 
PCB 1221 
PCB 1232 
PCB 1242 
PCB 1248 
PCB 1254 
PCB 1260 

Account No 05267 
Burns and Roe Enterpnses Inc 

PO Box 222 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

Questions7 Contact your Cl lent Services Representative 
Marl anne Bragg at (717) 656 2300 

M E R - IVQ t i o ~ l a r l  F i t  
2 2 4 2  

F 1-tn + 
t 

Page 2 of 2 

Respectful 1 y Submitted 
Jenifer E Hess B S 
Group Leader Pesticides/PCBs 



Lancaster Laboratories 
A drv~sron of Thermo Analyt~cal Inc 

LLI Sample N o  G5 2887125 
Col 1 ected 

Submitted 31 4/98 Reported 3/18/98 
D i  scard 4/18/98 

T2 140188 Shaumian 2 011 Sample 

CAT 
NO ANALYSIS NAME 

0174 PCBs i n  O i l  

Account No 05267 
Burns and Roe Enterprises Inc 

PO Box 222 
Oradel 1 NJ 07649 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

1 COPY TO Burns and Roe Enterprises Inc A l l l  Mr  Dave Cooksley 

questions? Contact your C l  i ent Servi ces Representative 
Man anne Bragg at (717) 656 2300 
12 15 23 D 0001 13 134128 605360 
320 0 00 00012000 ASROOO 

Lo' = 

M E M B E R  ' I -  " L F  
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I 

See Page 2 
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Respectful 1 y Submitted 
Jenifer E Hess B S 
Group Leader Pesti c i  des/PCBs 



Lancaster Laboratories 
A drvrsron of Thermo Analyt~cal Inc 

LLI Sample No. G5 2887125 
Collected 

Submitted 31 4/98 Reported 3/18/98 

.i 
Discard 4/18/98 

T2 140188 Shaumian 2 O i l  Sample 

CAT 

a NO ANALYSIS NAME 

PCBs i n  011 

4815 PCB 1016 
4816 PCB 1221 
4817 PCB 1232 
4818 PCB 1242 
4819 PCB 1248 
4820 PCB 1254 
4821 PCB 1260 

Account No 05267 
Burns and Roe Enterprises Inc 

PO Box 222 
Oradel 1 NJ 07649 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

Questi ons? Contact your C l  lent Services Representative 
Marl anne Bragg at (717) 656 2300 

3 i 3s i Lauo aro r 

Page 2 of 2 

Respectful 1 y Subm~ t ted  
Jenifer E Hess B S 
Group Leader Pest1 c i  desIPC8s 



F~nal Technical Report ENVIRONMENTAL ASSESSMENT 
OF ARMENIAN ENERGY SECTOR 

Swltchyard So11 Analys~s Reports 

Burns and Roe Enterprises, lnc U S Agency for lnternatronal Development 



Lancaster Laboratories 
A drv~sron of Thermo Analvt~cal Inc 

LLI Sample NO. sw 2887126 
Col 1 ected 

Submitted 31 4/98 Reported 3/18/98 
D l  scard 4/18/98 

M Tank Marash Tank Storage Soil Sample 

CAT 
NO ANALYSIS NAME 

Account No 05267 
Burns and Roe Enterpnses Inc 

PO Box 222 
Or adel 1 NJ 07649 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

Page 1 of 2 

1216 PCBs i n Sol i ds See Page 2 

1 COPY TO Burns and Roe Enterpnses Inc ATlN Mr Dave Cooksley 

Questions? Contact your Cl i ent Services Representative 
Man anne Bragg at (717) 656 2300 
12 15 40 D 0001 13 134128 605360 
320 0 00 00018800 ASROOO 

M E M B E R  - O C  
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Respectful 1 y Submitted 
Jeni fer E Hess B S 
Group Leader Pest1 c~des/PCBs 
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Lancaster Laboratories 
A d~v~won of Thermo Analytrcal Inc 

LLI Sample NO sw 2887126 
Col 1 ected 

Submitted 31 4/98 Reported 3/18/98 
Dl scard 4/18/98 

M Tank Marash Tank Storage Soi l  Sample 

CAT 
NO ANALYSIS NAME 

Account No 05267 
Burns and Roe Enterprises Inc 

PO Box 222 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

PCBs i n  Sol i ds  

1495 PCB 1016 < 170 170 ug/kg 
1496 PCB 1221 < 170 170 ug/k!3 
1497 PCB 1232 c 170 170 ug/kg 
1498 PCB 1242 < 170 170 ug/kg 
1499 PCB 1248 < 170 170 ug/kg 
1500 PCB 1254 1 000 170 ug/kg 
1501 PCB 1260 < 170 170 ug/kg 

The values reported fo r  the Arocl ors represent the 1 w e s t  quantl t a t 1  on 
l ~ m i t s  obtainable This IS due t o  d ~ l u t i o n s  or  interfering peaks from the 
presence o f  Aroclor 1254 

Questlons7 Contact your C l  l en t  Services Representative 
Man anne Bragg a t  (717) 656 2300 

Page 2 of 2 

Respectful 1 y Submitted 
Jem fe r  E Hess B S 
Group Leader Pest~cides/PCBs 



Lancaster Laboratories 
A divisron of Thermo Analvt~cal Inc 

LLI Sample NO sw 2887127 
Col 1 ected 

Submitted 31 4/98 Reported 3/18/98 

a Discard 4/18/98 

Z Trans Zovuny Under Transformer Soil Sample 

CAT 

0 NO ANALYSIS NAME 

1216 PCBs i n  Sol ids 

Account No 05267 
Burns and Roe Enterpnses Inc 

PO Box 222 
Oradel 1 NJ 07649 

AS RECEIVED 
LIMIT OF 

See Page 2 

.I 
1 COPY TO Burns and Roe Enterprises Inc A l l N  M r  Dave Cooksley 

Questi ons? Contact your C l  lent Services Representative 
Man anne Bragg at (717) 656 2300 
12 16 03 D 0001 13 134128 605360 
320 0 00 00018800 ASROOO 

Page 1 o f  2 

Respectful 1 y Submitted 
Jenifer E Hess B S 
Group Leader Pest1 c i  des/PCBs 



Lancaster Laboratories 
A drvlwon of Thermo Analyt~cal Inc 

LLI Sample NO sw 2887127 
Collected 

Submitted 31 4/98 Reported 3/18/98 

* Di scard 4/18/98 

Z Trans Zovuny Under Transformer Soil Sample 

Account No 05267 
Burns and Roe Enterprises Inc 

PO Box 222 
O r  adel 1 NJ 07649 

AS RECEIVED 
CAT LIMIT OF 

I, 
NO ANALYSIS NAME RESULTS QUANTITATION UNITS 

PCBs i n  Sol ids 

1495 PCB 1016 < 34 34 ug/kg 
1496 PCB 1221 ' 34 34 ug/kg 
1497 PCB 1232 ' 34 34 ug/kg 
1498 PCB 1242 < 34 34 ug/kg 
1499 PCB 1248 ' 34 34 * 1500 PCB 1254 

ug/kg 
c 34 34 ug/kg 

1501 PCB 1260 91 34 ug/kg 
Due t o  insuff ic ient sample size we were unable t o  report our usual 
quantitation 1 i m i  t s  The values reported represent the lowest quantitation 
1 imits obtainable 

A d l  span t y  of  >40% between the pnmary and confirmatory analysis occurred 
Due t o  suspected interference the lower result was reported for  Aroclor 
1260 

Questi ons? Contact your C l  i ent Services Representative 
Man anne Bragg at (717) 656 2300 

E 8 E R 1'5 N ~ L X  Holland P b t 
r b~ 2 J 2 I  

i t P- 1-5 I 

P 

Page 2 of 2 

Respectful 1 y Submitted 
Jeni fer E Hess B S 
Group Leader Pesti c i  des/PCBs 



Lancaster Laboratories 
A dlv~won of Thermo Analyt~cal Inc 

LLI Sample NO. sw 2887128 
Col 1 ected 

Submitted 3/ 4/98 Reported 3/18/98 
Dl scard 4/18/98 

Z Tank Zovuny Tank Storage Soil Sample 

CAT MG ALaLYSIS 

1216 PCBs in Sol ids 

Account No 05267 
Burns and Roe Enterpn ses Inc 

PO Box 222 
Oradel 1 NJ 07649 

AS RECEIVED - - - 

LIMIT OF 
RESULTS OUANTITATm UNITS 

See Page 2 

Page 1 of 2 

1 COPY TO Burns and Roe Enterprises Inc ATTN Mr Dave Cooksley 

Questions? Contact your Cl lent Services Representative 
Marl anne Bragg at (717) 656 2300 
12 16 22 D 0001 13 134128 605360 
320 0 00 00012500 ASROOO &- 

Respectful 1 y Submitted 
Jeni fer E Hess B S 
Group Leader Pesticides/PCBs 



Lancaster Laboratories 
A drvrsron of Thermo Analytrcal Inc 

LLI Sample NO. sw 2887128 
Col 1 ected 

Submitted 31 4/98 Reported 3/18/98 
D i  scard 4/18/98 

Z Tank Zovuny Tank Storage Soil Sample 

CAT 
NO ANALYSIS NAME 

Account No 05267 
Burns and Roe Enterprises Inc 

PO Box 222 
Oradel 1 NJ 07649 

AS RECEIVED 
LIMIT OF 

PCBs i n  Sol ids 

1495 PCB 1016 < 170 170 
1496 PCB 1221 

ug/kg 
< 170 170 ug/kSJ 

1497 PCB 1232 < 170 170 
1498 PCB 1242 

ug/kg 
< 170 170 W/k9 

1499 PCB 1248 < 170 170 
1500 PCB 1254 

ug/kg 
1 050 170 W/kg 

1501 PCB 1260 < 170 170 ug/kg 
The values reported for the Aroclors represent the lowest quantitation 
l im i t s  obtainable This i s  due t o  dilutions or interfer ing peaks from the 
presence o f  Aroclor 1254 

Questions? Contact your C l  lent  Services Representative 
Man anne Bragg at (717) 656 2300 

LYrca T P  Labnr nr e 
M E M B E R 2425 tveu Ho la-a P - 

FO bc 1'-17 
n , e F  7 .. 
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Respectful 1 y Submitted 
Jenifer E Hess B S 
Group Leader Pesticides/PCBs 



Lancaster Laboratories 
A drvision of Thermo Analyt~cal lnc 

LLI Sample NO sw 2887129 
Collected 

Submitted 31 4/98 Reported 3/18/98 
D l  scard 4/18/98 

S Trans Shaumian 2 Under Transformer Gravel Sample 

CAT * NO ANALYSIS NAME 

1216 PCBs i n  Sol i ds  

Account No 05267 
Burns and Roe Enterpnses Inc 

PO Box 222 
Oradel 1 NJ 07649 1 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

* 
1 COPY TO Burns and Roe Enterpnses Inc ATTN Mr Dave Cooksley 

Questions? Contact your C l  i ent Services Representat1 ve 
Man anne Bragg a t  (717) 656 2300 
12 16 40 D 0001 13 134128 605360 
320 0 00 00018800 ASROOO 

See Page 2 

Page 1 of 2 

Respectful 1 y Submitted 
Jenifer E Hess B S 
Group Leader Pest1 c i  des/PCBs 



Lancaster Laboratories Page 2 of 2 
A drv~won o f  Thermo Analytical Inc 

LLI Sample NO sw 2887129 
Col 1 ected 

Submitted 31 4/98 Reported 3/18/98 
DI scard 4/18/98 

S Trans Shaumian 2 Under Transformer Gravel Sample 

CAT 

e NO ANALYSIS NAME 

PCBs i n  Sol ~ d s  

1495 PCB 1016 
1496 PCB 1221 
1497 PCB 1232 
1498 PCB 1242 
1499 PCB 1248 
1500 PCB 1254 

Account No 05267 
Burns and Roe Enterprises Inc 

PO Box 222 
Oradel 1 NJ 07649 

AS RECEIVED 
LIMIT OF 

RESULTS QUMITATION UNITS 

1501 PCB 1260 c 850 850 u$kg 
The values reported for  the Arocl ors represent the lowest quant~ ta t l on  
l ~ r n i t s  obtainable This IS due t o  d ~ l u t i o n s  o r  interfering peaks from the 
presence o f  Aroclor 1254 

Questions? Contact your Cl ient  Services Representative 
Marianne Bragg a t  (717) 656 2300 

Respectful 1 y Subm~ t t e d  
Jenifer E Hess B S 
Group Leader P e s t i c ~  des/PCBs 



Lancaster Laboratories 
A drvlsron of Thermo Analytrcal Inc 

LLI Sample NO sw 2887130 
Col 1 ected 

Submitted 31 4/98 Reported 3/18/98 
Dl scard 4/18/98 

S Tank Shaumian 2 011 Storage Soil Sample 

CAT 
NO ANALYSIS NAME 

Account No 05267 
Burns and Roe Enterpnses Inc 

PO Box 222 
Oradel 1 NJ 07649 I 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

Page 1 o f  2 

1216 PCBs i n  Sol ids  See Page 2 

- 

1 COPY TO Burns and Roe Enterpnses Inc ATIN  M r  Dave Cooksley 

Quest1 ons' Contact your C l  i ent Services Representati ve 
Man anne Bragg at (717) 656 2300 
12 16 59 D 0001 13 134128 605360 
320 0 00 00012500 ASROOO 

Respectful 1 y Subml t ted 
Jernfer E Hess B S 
G~OUD Leader Pest1 cides/PCBs 
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Lancaster Laboratories 
A drwuon of Therrno Analfl~cal lnc 

LLI Sample NO sw 2887130 
Col 1 ected 

Subm~ t ted 31 4/98 Reported 3/18/98 
DI scard 4/18/98 

S Tank Shaumlan 2 011 Storage So11 Sample 

CAT 
NO ANALYSIS NAME 

PCBs i n  Sol I ds 

1497 PCB 1232 
1498 PCB 1242 
1499 PCB 1248 
1500 PCB 1254 
1501 PCB 1260 

Account No 05267 
Burns and Roe Enterprises Inc 

PO Box 222 
Oradel 1 NJ 07649 

AS RECEIVED 
LIMIT OF 

RESULTS QUANTITATION UNITS 

Page 2 of 2 

Quest~ons? Contact your C l  lent Services Representative 
Marl anne Bragg at (717) 656 2300 lh+jJn.& + 

Respectful 1 y Suh l  t ted  
Jenifer E Hess B S 

Lan~as er Laborator~er Group Leader Pest1 cides1PCBs 
M E M B E R 2425 Neb Holand Pike 
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1 3 PCBs Properties 
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PCB-CONTAMINATED SOILS CLEAN-UP 

KONSTANTIN A BORUSHKO 

Burns and Roe Enterprises, Inc 
800 Kmderkamack Rd 

Oradell, NJ 07649 

ABSTRACT 

This paper summarizes some of the recent 
trends in PCB applications, manufacturing, 
chermstry, health and occupational effects, 
and various remediation technologies for 
PCB-contaminated soils clean-up The main 

a purpose of this paper is to educate 
appropriate authorities and operational 
bodies in the developing countries and 
countries with economes in-transit~on on 
the PCBs awareness and methods of 
environmental clean-up 

PCBs as a chemcal substance is known to 
mankind since the beginning of the 20th 
century However, the commercial 

a manufacturing has started in early 1920s in 
Europe First commercial production in the 
United States has been started in 1929 

In 1976, it was estimated that 1 25 billlon 
I) pounds of PCB were manufactured in the 

DAVID COOKSLEY 

Burns and Roe Enterprises, Inc 
3000 Atr~um Way, Suite 310 

Mount Laurel, NJ 08054 

United States and 1 3 billion pounds were 
generated worldwide In 1980, the estimated 
worldwide production was 2 4 billion 
pounds Japan, Germany, Great Britain, 
Italy, France, Spain, Czechoslovalua, 
Poland, Argentina, Brazil, Russia, and India 
also produced large quantities of PCBs 

1 2 Chemzcal Nomenclature 

Polychlorinated biphenyls (PCBs) are a 
farmly of 209 discrete chemcal compounds 
composed of carbon, hydrogen, and 
chlorine, and named congeners The general 
chermcal formula is CI2Hx lCly, where x is 
the hydrogen atom and y is the chlorine 
atom, x and y may contain up to 10 atoms 
The biphenyl is chlorinated by replacing any 
of the hydrogen atoms with a chlorine atom 
The chlorobiphenyl molecule is designated 
by the position of the chlorine atom on the 
b~phenyl molecule 

The same physlcal and chemical properties 
of PCBs whlch made the compound so 
valuable to industry, also made these 
materials hazardous to the environment and 
public In general, PCBs are inert and stable 
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compounds thus yielding excellent electrical 
insulation and heat transfer properties 

1 3  PCBs USE 

PCBs can be used in variety of applications 
and products The primary use of PCBs was 
historically for transformers and capacitors 
In addition, heat transfer units, gas 
transmission turbines hydraulic systems, 
and electric motors have also contained 
PCBs Common products such as pants, 
lubricants, oils, caulhng compounds, inks, 
plasticizers, and carbonless copying paper 
also formerly known to contan PCBs 

Up to 197 1, PCBs production In the United 
States was primarily associated with 
electrical capacitors and transformers In 
197 1, an estimated five (5) percent (or about 
135,000 transformers) in the United States 
contaned PCBs In addition, French and 
Italian PCBs were imported into the United 
States Approximately 80 to 90 percent of 
the PCBs were used for investment casting 
waxes, and 10 to 20 percent was imported 
for use in serm-closed heat transfer 
applications 

The Organization for Economic 
Cooperation and Development (OECD) 
classified PCB uses into three following 
categories in 1973 report 

Controllable closed systems -- 
systems which utilize PCBs for 
dielectric purposes such as 
transformers and large capacitors 
PCBs in the system have a service 
life equal to that of the equipment, 
and typically leaks do not occur if 
proper mantenance is performed 

The quantity of dielectric fluid 
contained in this equipment 1s large 
enough to justify regeneration 
Uncontrollable closed systems -- 
systems which utilize PCBs in 
hydraulic systems and heat transfer 
systems Small capacitors and 
fluorescent light ballasts are 
considered uncontrollable closed 
systems PCBs in the system have a 
small service life and typically there 
is a potential for leakage The 
quantity of dielectric fluid contaned 
in this equipment is very small 
encouraging disposal rather than 
regeneration of fluid 

Dissipative uses -- a system that 
contan the PCBs which are m direct 
contact with the environment 
Products such as paints, adhesives, 
sealants, and plastics are classified 
in this category Thus, because of 
their matrix, the PCB can not be 
recovered for regeneration 

1 4 HEALTH ISSUES 

Health problems associated with exposure 
to PCBs can be traced back to the 1930s 
when employees worlung with PCBs 
developed chloracne This acne is know to 
be caused by some chlorinated 
hydrocarbons 

Few fatalities and serious hospital 
conditions of workers exposed to PCBs, 
triggered the first studies of a~rborne 
concentrations in the workplace 

In 1968, Japan had an epidemc associated 
with ingestion of PCB-contammated 
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- - 

coolung oil The oil was contaminated by a 
heat exchange - unit containing PCBs used in 
the pasteurization process The symptoms 
of "Yusho Disease" included acne eruptions 
and eye discharges, and hyper pigmentation 
of the skin, nals, and mucous membranes 

Studies were performed on the tissues and 
body fluids of men, women, pregnant 
women, babies born to these women, and 
children It was found that PCB 
accumulated primarily in the liver and heart, 
and fatty tissue, and secondly in the brain 
and skin 

1 4 1 Natural Degradation of PCBs 
- 

PCBs are very stable compounds and tend 
not to degrade in the environment Two - 
degradation processes that mght be 
considered afterall are photodegradation, 
and mcroblal degradation These 
degradation processes depend on the degree 
of chlorination, and to some extent the 
positlon of the chlorine atom on the 
biphenyl molecule 

Bio degradation as a remediation 
technology is discussed further in this paper 

2. United States Regulations 

Several US regulations can be highlighted 
as being most influential for PCB problem 

2 1 General Regulatrons * 
TSCA Regulatzons 

Toxic Substance Control Act (TSCA) has 
been dnven by increasing public and 

1) 

Environmental Protection Agency (EPA) 
awareness and concern surrounding 
exposure to PCBs in theworkplace and 
presence in the environment Public Law 
94-469 of TSCA in 1976 required that the 
EPA must develop regulations for the 
marking and disposal requirements for 
PCBs by m d  1977 The main objective was 
to limt the manufacturing, distribution and 
disposal of PCBs in the United States 
Regulations were compiled in 1978 and 
included the requirements for identrfication 
and disposal procedures for facilities 

In 1979 the manufacturing of PCBs was 
banned by law except for some few specific 
applications Furthermore this legislation 
stipulates that PCBs are not to be processed, 
distributed or used except in a totally 
enclosed manner unless authorized 

EPA regulations, for controlling the use, 
storage, and disposal of PCBs are outlined 
in 40 CFR Part 761 

This legislation also includes concentration 
categories to be used to deterrmne cleanup 
goals for PCB-contamnated sites or 
facilities, and the remediation options 
avalable 

Part 761 has been amended in October 1990 
and places additional restrictions and 
conditions on the use of PCB transformers 
contaning 500 ppm or greater This rule 
was amended after the EPA determined that 
the continued use of PCB transformers 
without additional restrictions presents an 
unreasonable risk of injury to public health 
and the environment 

RCRA Regulatzons 
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The Resource Concentration and Recovery 
Act (RCRA) regulates the generation, 
transportation, treatment, and disposal of 
hazardous wastes It does not specifically 
address PCBs, however as stipulated under 
40 CFR 268 if PCBs are mixed with a 
RCRA hazardous waste, then the waste is 
subject to land disposal restrictions under 
this rule 

CWA and SD WA Regulahons 

The Clean Water Act (CWA) and Safe 
Drinking Water Act (SDWA) may also 
affect the selection of a remedial action if 
the contaminated media is ground water or 
surface water 

generators having PCB storage facilities to 
notify EPA of any PCB waste handling 
activities and obtain a generators EPA 
Identification Number Manifest Rule 
requires the owner or operator of the 
disposal facility to prepare a Certificate of 
Disposal for PCBs at the facility 

Other regulations for PCBs include, but not 
limited to EPA's 

Field Manual for Grid Sampling of 
PCB Splll Sites to Verify Cleanup 
Verification of PCB Spill Cleanup 
by Sampling and Analysis 
Development of Advisory Levels for 
PCB Cleanup 
Draft Guidelines for Perrmt 
Applications and Demonstrations 

2 2 PCB Specific Regulations 

The EPA PCB Spill Cleanup Policy of May 
1987, regulated under TSCA, provides 
guidance for the clean up of PCB spills It is 
an important policy that defines notification 
and cleanup requirements for spills 
containing PCBs at a concentration of 50 
ppm or greater which occurred prior to 
enactment of the policy 

The major effect of the policy on industry is 
that responsible parties are to notify the 
appropriate regulatory agency of a spill, and 
cleanup must be initiated within 24 hours of 
discovery of the spill The major advantage 
of the spill policy is that is provides 
uniform, statistical methods to investigate 
and remediate PCB incidents 

One of the rules effecting remediation of 
PCB-contamnated material is the PCB 
Manifest Rule This rule requires that all 

Various technologies are currently avalable 
to remediate PCBs-contamnated sites The 
choice of technology primarily typically 
depends on the environmental assessment 
data, risk assessment projections, 
appropnate local and country regulations, 
clean-up schedules and target, technical 
feasibility, and cost 

Following actions are normally performed 
before the technology is selected 

Environmental assessment 
Site characterlzatlon and nsk 
management study 
Investigation of remedlal 
alternatives 
Detailed evaluation of 
alternatives 
Selection of remedial action 
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Final remedial design 

3 1 Selectron of Technology 

3 1 1 General Analysls of Alternatives 

Technical Feaslbilltv Evaluatlon 

The ease of ~mplementability criteria is 
typically used to measure both the technical 
and administrative feasibility of 
constructing, operating and mantaning a 
remedial action alternative In addition, the 
avalability of the technologies involved in a 
remedial alternative shall be considered 

Evaluatlon of Effectiveness 

The effectiveness evaluation shall consider 
the capabil~ty of each remedial alternative to 
protect human health and the environment 
Each alternative shall be evaluated as to the 
protection it would provide, and the 
reductions in toxicity, mobility or volume of 
contamnants which it would achieve 

Cost Evaluatlon 

Cost evaluation shall include estimates of 
capital costs, annual operation and 
mantenance cost * 
3 1 2 Analysls of Clean-up Alternatives 

Each remedial alternative shall be evaluated 
I. for performance, reliability, 

implementability, and safety 

The pe$ormance evaluation considers both 
the effectiveness of each alternative to 

prevent or minimize substantial danger to 
human health or the environment, and the 
useful life of the alternative to maintan this 
level of effectiveness 

Relzabzlzty is evaluated in terms of the 
operation and mantenance (O&M) 
requirements, such as frequency and 
complexity of O&M and costs to install and 
operate, as well as demonstrated 
performance 

lmplementabzllty considers factors such as 
contractibility and the time necessary to 
implement the alternative and to achieve 
beneficial results 

Following are the remedial technologies 
available for remedlation of PCB- 
contaminated soils Three primary options 
are accepted by the EPA, and compliant 
with TSCA These are 

Chemzcal Dechlorznatzon 

Dzsposal at landfill 

A no-action alternative, or passive 
remediation, will result in leaving 
contaminated soils in place The no-action 
alternative is typically used as a baseline 
alternative to compare to other remedial 
options considered for the site This option 
can not be accepted as a remedial action 

fa) Inczneratzon 
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Technology Descr~pt~on 

Thermal processes are the most successful 
and commonly employed technologies 
utilized for treatment of PCB-contaminated 
soils High temperatures destroy PCBs or 
convert PCB to less hazardous materials 
depending on the process used Incineration 
achleves or exceeds the 99 9999 percent 
Destruction Removal Efficiency (DRE) 
required by TSCA This technology is the 
most efficient, but often not selected as the 
final remedial action due to ~ t s  cost and 
public resistance 

There are several thermal technologies that 
should be considered for a site These 
technologies have either been proven or are 
in various development stages 
Technologies considered in this paper are 

0 Rotary kiln incineration 
0 Fluidized bed combustion 
0 Infrared thermal treatment 
0 Wet air oxidation 
0 Vitrification 

Rotary &ln Incinerators 

Rotary luln incinerators are cylindrical, 
refractory-lined vessels which typically 
operate at temperatures between 1600 and 
3000F Soils are fed into the rotating kiln, 
while air and fuel (natural gas, oil, or coal) 
are injected into the oxidation chamber 
This situation creates combustion of the 
waste in the chamber to gas and ash under 
oxidation conditions Gases are treated 
through an afterburner and scrubber, then 
are emtted vla a stack to ensure a r  
emssion standards are met Ashes are 
collected and removed at the rear of the 
luln Residence times may range from 

seconds to hours depending on the degree of 
contamination and the moisture content of 
the soil 

Rotary kllns are categorized by BTU value 
Small rotary luln systems are less than 20 
MMBTUIhr with soil capacities of one to 
two tons per hour for low moisture and low 
organlc soils The small lulns are used when 
treating small quantities of soil 

Fluidized Bed Incinerators 

Fluidized bed incineration destroys PCBs by 
controlling combustion using inert fluidized 
particles such as sand, limestone, or other 
granular material Bed temperatures range 
from 1400 to 1600F The particles 
contaned within the refractory-lined vessel 
are kept in motion and provide for waste 
agitation and heat transfer Soils conveyed 
directly into the chamber, along with 
combustion air and fuel, is forced upward 
through the bed creating combustion of the 
waste This situation also maintans 
temperature and retention tlme whlch 
otherwise would exist due to variations in 
soil moisture, ash, or BTU value A 
secondary chamber assures that adequate 
retention time for PCB combustion is 
mantained Residence times may range 
from seconds to mnutes, dependmg on the 
degree of contamination and the moisture 
content of the soil First acid gases are 
treated and neutralized at the end of the 
secondary chamber Then, the off-gases are 
circulated through a cyclone which removes 
large particulates from the off gas stream, 
followed by final air pollution equipment 
Ash is removed from the base of the 
fluidized bed 

Infrared Thermal Treatment 

M Burns and Roe Enterprises Inc U S Agency for Internat~onal Development 

161 



ENVIRONMENTAL ASSESSMENT 
OF ARMENIAN ENERGY SECTOR 

Infrared thermal treatment is a high 
temperature radiation technology Silicon 
carbide is used in the combustion chamber 
to destroy materials conveyed on a belt 
through the system Soils are exposed to 
radiant heat which is sufficient to destroy 
the PCB molecules Gases are circulated 
through a flue gascooler before exiting 
through the exhaust stack Ash is removed 
from the base of the primary combustion 
chamber 

These units can be operated at two 
temperatures If operating temperatures are 
mantaned in the primary and secondary 
chambers from 1400 to 1600F, it is 
considered the incineration mode When 
operating at lower temperatures, it is 
considered In the pyrolysis mode Residence 
times may vary from 5 to 50 minutes 

Wet Air Oxidation 

Wet air oxidation involves the oxidation of 
oxidizable inorganic and organic materials 
in a high temperature and pressure reactor 
(300 to 3,000 psi) Soils are fed via a feed 
pump and interjected with compressed a r  
before entering a heat exchanger where the 
waste rmx is heated to reaction conditions 
An exothemc reaction takes place wlthin 
the reactor The a r  contributes oxygen to 
the waste mixture, causing an oxidation 
reaction in which heat is produced The 
residence time and the temperature will 
vary The resulting gas from the reactor is 
recycled back through the process heat 
exchanger and is then separated from the 
oxidized liquid stream via a separator 
Gases are circulated to an off-gas treatment 
system, and llquid to a wastewater treatment 
system 

The resulting residuals (liquid and gas) may 
be hazardous and will also have to be 
treated appropriately Ash is insoluble and 
may be dewatered prior to disposal 

Vitrification 

Vitrification is a process which incinerates 
organic constituents and vitrifies inorganic 
materials This is primarily accomplished by 
two units a counter-rotating vortex (CRV) 
combustor and a cyclone melter Soils are 
fed into the CRV where air, fuel, and 
chermcal additives are injected into the 
waste stream Glass formers, such as sand or 
limestone, and fluxing agents such as 
sodium carbonate, a d  to bind the PCB to a 
glass matrix In the CRV, combustion 
occurs and PCBs are destroyed The stream 
then enters the cyclone melter where 
inorganics are melted, followed by a 
reservoir where gases, C02, and water 
vapor are separated from the molten 
material, or "frit " The gases are treated by 
conventional a r  pollution devices 

Incineration is a process in which organic 
compounds are vaporized from the soils into 
combustible gases in the presence of oxygen 
at the heat of combustion Therefore, two 
key components to consider in design are 
oxygen requirements and temperature The 
amount of oxygen required depends on the 
characteristic of the waste, which can be 
deterrmned theoretically, or by analysis 
Minimum temperatures must be maintained 
so that destruction of the waste is 
accomplished Oxygen and temperature 
requirements will vary according to the 
incineration process being considered 
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The principle by-products are carbon 
dioxides, scrubber water, and ash While the 
volume of ash is relatively small as 
compared to the original volume of 
contammated material, it is usually 
considered hazardous and requires further 
treatment This is also true for the scrubber 
water It is an important factor to consider 
during the feasibility screening process 

Incinerators may be mobile or stationary 
Soils are excavated and then either treated 
on site with a mobile unit, or transported to 
an off-site incinerator Generally, smaller 
quantities of soils are treated off site, while 
larger quantities of soil are incinerated on 
site 

Costs of technologies will vary, depending 
on the physical characteristics of the soil, 
transportation costs (off-site incineration), 
perrmtting requirements, by-product 
disposal, and the volume of soil to be 
treated Costs for excavation and 
transportation and cost for treatment would 
vary based on the location Generally 
spealung, costs are relatively high, however, 
they can be easily justified if large volumes 
of soil need to be treated 

(b) Separahon/Extrachon 

Technology Descr~pt~on 

Separation technologies involve the removal 
of PCBs from soils through the use of 
chemcals This process is a non-reactive 
chemcal process Chermcals which may be 
used are solvents, surfactants, or alkaline 
agents The result~ng extract~on is treated, 
usually by incineration, to destroy the PCB 
waste, and clean soils are used for backfill 

There are several separation technologies 
which can be considered for a site 
Following technologies considered in this 
paper 

0 Soil Washing 
0 Supercntical extraction 
0 LEER 
0 BEST 
0 Thermal desorption 

Soil Washing 

Soil washing is accomplished using 
surfactants and other washing agents to 
release PCBs from the soil The slurry 
enters various countercurrent scrubbing 
units that mechanically aid in the release of 
contamination from the soils Surfactants 
aid in the desorption process by changing 
the interfacial tension 

Supercritical Extraction 

Supercritical extraction utilizes propane in a 
liquefied gas form to extract PCBs from 
contaminated sediment, sludge, and soils 
The process has two essential parts 

Extractor - Soils are fed in from the top of 
the reactor, allowing contact with the 
propane which is condensed by compression 
at 70F Propane, acting as the solvent or 
extraction agent, extracts PCBs from the 
soil, and clean soil is removed from the 
extractor 

Separator - Pressurizes the waste stream 
(PCB, organic and solvent), vaporizes 
solvent for recycling, and separates PCBs 
for treatment 
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A pilot scale unit has been tested, and a 
mobile unit is being developed 
commerc~ally 

Basic Extraction Sludge Treatment (BEST) 

The BEST system was developed to treat 
oily sludge containing organics and has 
been used to treat low-level PCB 
contamination The process consists of two 
stages 

Cold Stage - The cold stage combines 
aliphatic amine (secondary or tertiary) and 
waste to form a liquid slurry By lowering 
the temperature in this stage, the process 
achieves the following (a) Solvent becomes 
mscible with the oil and water, providing a 
means of separation, and (b) Solvent 
extracts organics adsorbed on particles 
Solids are removed or separated by filtration 
or centrifugation Finally, solids are dried to 
recover the solvent for recycling purposes 

Hot Stage - Liquid from the cold stage is 
heated and separated into two distinct 
phases solvent (armne and oil) and water 
The top fraction, contain~ng solventlamne 
and oil, exits to a column where the solution 
is recovered by distillation The water is 
passed through a steam stripping column to 
remove residual, and recover m n e  

Low Energy Extract Process (LEEP) 

This process is an extraction technique 
involving removal of PCBs uslng organic 
solvents Typically acetone is used, 
however, any hydrophllic or hydrophobic 
organlc solvents can be utilized The soil is 
mxed wlth the solvent in an extraction unit 
and agitated to promote contaminant 

removal The agitation step may be 

performed several times until the cleanup 
level required is achieved 

Soils are heated to remove excess solvent, 
then used for backfill The res~dual PCB is 
contained in the hydrophilic solvent and 
water mxture which must be treated and 
disposed of accordingly The solvent 1s 
usually separated from the water and treated 
by chemical destruction or incineration 

Thermal Desorption 

A thermal desorption system uses an 
indirect fired rotary dryer system to 
vaporize, PCBs at approximately 450 to 
850F Nitrogen is used as an inert carrier 
gas to carry vaporized organic compounds 
to the gas treatment system The gas 
treatment system condenses and collects the 
gases Three waste streams are produced 
and are treated in the following manner 

Float Organics - Float organics are 
reclaimed for fuel or disposed 

Bottom Organics - Bottom organics are 
disposed 

Water - Water is recycled through the 
system or used for solids cooling 

The process is most efficient when soils 
with less than 10 percent organic 
contarmnant concentration are used 

The removal of PCBs through thls 
technology depends on the agent being used 
to remove PCB from the soil Thus, non- 
polar agents, such as organic solvents, will 
be effective in removing PCB from the soil 
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- 

Secondly, the degree to which PCB is 
adsorbed to the soil particulates, or the 
relative affinity (partitioning), also 
determines the technical effectiveness of the 
process 

The chemical and physical characteristics of 
- the soil will determine the separation agent 

and process method selected This is 
primarily determned by bench scale 
treatability studies using the site soil 
Typical excavation equipment is used if 

a soils are to be treated on or offsite 

Treatment and disposal requirements 
include recovery and recycling of chemical 
agents and PCB generated effluent The 
concentrated PCB is usually incinerated 

Treatability tests run to date have indicated 
that the percent reduction is approximately 
99 5 percent 

a (c) Sohdz~catzon/Stabzlzzatzon 

Solidification/stabilization is a technology 
which prevents leaching of contaminants, 
either by encapsulation or hardening • (solidification), or chemical 

reactionhonding (stabilization) 

Encapsulation which is sometimes confused 
with solidification/stabilization is when a 

• soli&ficatlon agent surrounds waste 

particles and binds them into a mass In 
either case, the soil is mixed with a 
stabilizer or additive to form a solid mass 
which reduces the mobility and toxicity of 
the contaminated soil Typically, cement, 
pozzolanic, or silica compounds are used as 
binding agents Recent developments 
include stabilization with organic and 
inorganic polymers 

a 

Often, the technology is used as an interim 
measure until the material can be removed 
and transported off site for treatment 

Following is the list of some existing 
solidification/stabilization technologies 

Thermoplastic/Organic polymer 
Pozzolanic solidification 
Cement-based processes 
Inorganic polymer 
Vitrification 

(d) Chemzcal Dechlonnatzon 

Chemical dechlorination involves 
dechlorination (removal of chlorine atom) 
of the PCB molecule by utilization of an 
alkaline solution (AOH) or polyethylene 
glycol (PEG) This process has been most 
successful in treating water, however, it has 
also been effective in treatment of hlghly 
contaminated soils The PCBs are 
essentially transformed into a low-toxicity, 
water-soluble waste We believe that this 
technology rmght not be appropriate for the 
applications in the developing countries at 
this moment due to high costs and 
practically no commercial operation 
experience 

(e) Excavatzon and dzsposal at landfield 

Excavation entals removal of soils on-site 
with conventional heavy construction 
equipment Excavation is followed by on 
site or off-site disposal and treatment and is 
generally used in combination with the 
other remedial technologies 

In the past, excavation and disposal of soils 
at a landfill was the remediation method 
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commonly used because it provided fast and 
total cleanup However, due to limited 
landfill space, rising costs, and stricter 
regulations (land ban), landfilling is now the 
least preferred technology in the United 
States 

The primary mechanism for PCB 
destruction with landfilling is 
biodegradation of the PCB Because PCBs 
can not be expected to fully degrade, this is 
not considered a destruction method 
Therefore, future liability associated with 
dlsposal of contamlnated soils in a landfill 
is reduced, although, not elimnated, as with 
incineration 

Excavation and removal is applicable to 
most sites regardless of conditions 
However, the activities associated with 
excavation and removal will vary according 
to the site, level of contamnation to be 
removed, and volume and depth to be 
excavated 

Excavation, removal, and loadlng of 
contamlnated soils can be accomplished by 
a variety of methods and equipment Three 
general categories of excavation equipment 
and their primary function are as follows 

Backhoes - Primarily used for trenching and 
subsurface excavation to a depth of 
approximately 10 meters 

Cranes and attachments - Primarily used in 
subaqueous excavation, or large areas which 
require remediation (dragllnes) 

Dozers and loaders - Dozers are best used 
for excavation of surface soil (top 30 to 45 

cm), or in areas where mobility is limited, 
such as marshes Loaders are primarily used 
for digging, lifting, and hauling soil 

The selection of equipment is based on a 
number of factors including, but not limited 
to the following 

Extent of contammat~on/site-specific 
conditions 
Limitations of equipment 
Equipment mobilization 
Operators' experience 
Equipment capability 

Mitigative measures must be established 
during excavation and in the soil 
segregation area to prevent the release of 
contaminants to the environment and 
protect workers from exposure to 
contamnants 

Treatment may be required prior to 
landfilling, as stipulated by the RCRA land 
ban requirements, if soil contans greater 
than 1,000 ppm of chlorinated organic 
compounds Otherwise, soils of any PCB 
concentration may be disposed of m a 
TSCA-pemtted landfill TSCA-perrmtted 
landfills are limted and becomng less 
readily avalable 

An on-slte landfill may be constructed to 
contaln contamnated soils The landfill 
design would then have to meet the 
requirements of TSCA standards 

Long-term monitoring requirements, such as 
soil sampling, are usually not required, 
because post-remedial sampling should 
indlcate that contamnated soils were 
removed to cleanup levels established by 
the project 
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Excavation can be an effective way of 
eliminating on-site contamination Post-soil 
sampling can confirm and document the 
effectiveness of the removal and ensure that 
soils were removed to the cleanup level 
established for the site While on-site 
cleanup is achieved, on-site or off-site 
disposal in a landfill does not effectively 
treat contaminated soils, or elimnate long- 
term liability associated with contammated 
soil 

This paper has attempted to introduce key 
aspects associated with remediation of sites 
containing PCB-contaminated soils As one 
can see, the remedial selection process can 
be a lengthy technical process and is based 
on many considerations The process begins 
in the early stages of the site 
characterizabon process where existing data 
is collected, an understanding of the site is 
developed, and applicable PCB guidelines 
are defined The site investigation provides 

a supplementary information in support of a 
remedial action plan which will ultimately 
document the decision-mahng process of 
the technology selected to remediate 
contaminated soils 
on site 

Exhibit I summarizes remedial technologies 
discussed in this paper to consider during 
selection of a remedial action 

Thermal processes are still the most widely 
used (and accepted) technologies, however, 
the technologies are costly and generally 
depend on the volume of so11 to be treated 
in order to be cost-effective 

Bioremedlation effectively destroys PCBs, 
and significant research has been conducted 
in this area, however, it is still in the 
development stages 

Physlcal processes concentrate PCBs into 
another form, increases the volume to be 
treated, and requires further treatment This 
is also the case with 
solidification/stabilization methods, an 
increase in volume results, future liability 
remans because long-term effectiveness is 
uncertain 

Chemzcal dechlorination also seems 
promising for treating soils with higher 
contamnation levels, however, the cost is 
still moderately high and this technology is 
in the developmental stage 

The most influential factors in the selection 
process are proven effectiveness, cost, 
cleanup levels, and regulatory requirements 
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Append~x H 

Proposed Outllne for Asbestos Awareness Tralning 

1.0 Hstory, Types and Use of Asbestos 

2 0 Health Hazards of Asbestos 

2 1 Medical Surveillance 

3 1 International, OSHA, EPA and State Regulations 
3 2 Other Safety and Health Hazards 

4 1 Resp~ratory Protection 
4 2 Respiratory Protection 1 Fit Testing 

5 1 Glove Bags 
5 2 Cleaning Respirators 

6.0 Control Measures and Work Practices 

7 0 Use of Mm1-Enclosures and Cleanlng Contarmnated Areas 

9 0 Alternat~ves to Asbestos and thew Use 
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