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1.0 Introduction 

1.1 General 
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This Post Closure Plan provides monitoring and maintenance persmmel with the 

information necessary for monitoring conditions and perfonning routine maintenance and minor 

repair of the landfill cap system, and treatment wetlands installed at Operable Unit 1 (OU-1) at 

the Morgantown Ordnance Works facility in Morgantown, West Virginia. Monitoring and 

maintenance of the landfill cap system and treatment wetlands are required as post-closure care 

for OU-1. This plan satisfies the requirements specified in Section XI of the Record of Decision 

(ROD) for the facility. 

For reference purposes, a copy of this Post Closure Plan as well as the following 

documents should be kept within possession of the company office responsible for implementing 

the monitoring and maintenance: 

• Design Repmt 

• As-Built Construction Drawings 

• Teclmical Specifications 

• Remedial Action Report 

Unless catastrophic failure to the landfill cap occurs, contact with OU-1 waste material 

will not occur while performing the maintenance and minor repair activities specified in this 

plan. In the event of a catastrophic event, the Designing Engineer should be consulted to 

determine the appropriate action(s) necessary to address the situation. 

1.2 Cap System 

The cap system for the OU-1 landfill was designed and constructed to prevent direct 

contact with, and inhalation of, potentially harmful dust generated from contaminated soil. The 

cap also prevents offsite migration of contaminated soil and reduces the amount of precipitation 

which infilh·ates through contaminated soil. The cap system is comprised of the following 

components: 
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• Vegetation 

• 24 inches of protective soil cover 

• A lateral drainage layer 
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• 40-mil textured high density polyethylene (HDPE) synthetic membrane 

• A geosynthetic clay layer 

• A gas vent system 

1.3 Replacement Wetlands 

As per the "Revision 1 Remedial Action Quality Assurance Project Plan" ESC August 

22, 2003 and the draft "Revised Final Sampling Plan" (FSP) ESC September 22, 2003 the 

Replacement Wetland is to be inspected ' twice a year for 2 years, then once per year for three 

years for a total of seven monitoring events over 5 years.' The inspections were as follows: 1 

time in 2003, 2 times per year in 2004 and 2005, 1 time in 2006 and 1 time in 2007 for a total of 

7 'monitoring events'. With this achievement, the intent of the plans has been met and therefore 

no further inspections of the Replacement Wetlands are required. 

1.4 Treatment Wetlands 

The residual leachate from the landfill is treated utilizing a three pond wetlands system at 

the toe (east side) of the cap system. The design of the treatment wetlands system allows passive 

treatment of the leachate at the site. The system also has the ability to adapt to various flows, 

chemical loads, and weather conditions. The treatment wetlands system uses a subsurface flow 

design to minimize surface exposure to the leachate, and uses selected vegetation to avoid 

creating an attractive nuisance for wildlife. 

The treatment wetland system consists of three ponds. The first and third ponds are 

shailow aerobic ponds meant to remove solids and iron. These ponds should maintain healthy 

vegetation. The middle pond is a deep, anaerobic pond designed to remove zinc. Vegetation in 

the middle pond should remain limited so oxygen to the treatment zone will not be introduced. 
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2.0 Water Quality Monitoring Program 
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In accordance with Section XI of the ROD and sections 47CSR58 through 47CSR60 of 

the West Virginia Regulations, since 2003, a water quality monitoring program has been 

implemented as part of the post closure activities at OU-1. The groundwater monitoring portion 

of the program has included the sampling and analysis of 10 monitoring wells around the landfill 

cap. The surface water portion of the program has included the sampling and analysis of the 

effluent from the treatment wetlands system. 

2.1 Monitoring Point Locations and Construction Details 

Three bedrock monitoring wells (DGW-01, DGW-05, and DGW-06) and six shallow 

monitoring wells (MW -1 through MW -6) located around the OU-1 landfill comprise its post 

closure water quality monitoring system (Figure 1). The bedrock monitoring wells were 

installed in 1987 as part of the OU-1 Remedial Investigation activities and the shallow wells 

were installed in 2003 as part of cap construction. The construction and placement of these wells 

is consistent with the applicable sections of 47CSR58 through 47CSR60. Lithologic logs and 

construction details for these monitoring wells are included in Attaclunent A. 

In aclclition, one bedrock monitoring well, (DGW-3R), monitors groundwater conditions 

downgradient of the former lagoon area. 

The locations of the wells are shown on Figure 1. Surveyed coordinates and the elevation 

of the top of the casing (the point used for measuring water levels) are provided below: 
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Well Number 

DGW-01 

DGW-05 

DGW-06 

DGW-03R 

MW-1 

MW-2 

MW-3 

MW-4 

MW-5 

MW-6 

No~"thing 

10,788 (I) 

10,413 {I) 

11 ,000 (I) 

10,267.8306 

10,819.6655 

10,927.2515 

10,987.7881 

10,956.7513 

10,883.8309 

10,792.0948 

(I) Estnnated, measurements not mcluded m Rl 

2.2 Sampling and Analysis 

2.2.1 Monitoring Wells 

Easting 

10,125 

10,938 

10,923 {I) 

10,484.0564 

10,859.2291 

10,879.3844 

10,771.1599 

10,819.6452 

10,848.4165 

10,333.4603 

Elevation 

1,013.27 

957.47 

951.82 

998.9089 

962.5482 

958.1184 

972.2158 

962.6555 

959.4838 

1,007.7673 
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Bedrock monitoring wells DGW-01 and DGW-06 along with shallow monitoring wells 

(MW-1 tlu·ough MW-6) will be sampled during the spring event for 2012. In addition to the 

spring event of2012, bedrock monitoring wells DGW-01 and DGW-06 will be sampled in 2014 

or year tluee of the five year review period ending in 2016. Provided the sample results are 

consistent with past sample results, no sampling of the bedrock wells will occur after the third 

year sampling event platmed for 2014. Standard groundwater sampling procedures are provided 

in Attachment B. 

Following the spring event of2012, no further sampling of the shallow monitoring wells 

will be performed. Monitoring of the shallow groundwater will be replaced with monitoring of 

the influent and effluent from the Treatment Ponds on the third and fi fth year of the remaining 

and future five year review periods. The influent sampling to the Treatment Ponds will be 

sampled for the same constituents as the effluent sampling. The following tab le illustrates 

sampling over the next two five year review periods: 
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Year Bedrock Wells 

DGW-01 & 
2012 

DGW-06 

2013 ----
DGW-01 & 

2014 
DGW-06 

2015 ----

2016 ----

2017 ----

2018 ----

2019 ----

2020 ----
2021 ----

Shallow Wells 

MW -1 tlu·ough 

MW-6 

----

----

----

----

----

----

----

----
----

Influent 

----

----

Sample 

----
Sample 

----

----

Sample 

----

Sample 
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Effluent 

Sample 

----

Sample 

----

Sample 

----

----

Sample 

----

Sample 

This change in sampling frequency is supported by the consistency of the sampling 

results conducted in the 10 wells over the ten year period following completion of the cap and 

Environmental Land Use Restriction which prohibits use of the groundwater at OU-1 area. 

2.2.2 Treatment Wetland System Effluent 

There will be annual inspections and maintenance performed on the Treatment Ponds, if 

necessary, consistent with the proposed sampling plan. But, there will be no 3nl party oversight 

of the Treatment Ponds. 

The effluent from the Treatment Ponds will be sampled at the drainage pipe discharge 

from Pond #3 during the scheduled sampling events. If there is no flow out of the pipe, no 

sample will be collected: the same can be said when sampling the influent to the Treatment 

Ponds. 

2.3 Data Analysis and Reporting 

Reporting will consist of summarizing operation and maintenance work during the given 

sampling year. Data related to site activities collected during previous years activities will be 
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submitted to USEPA and WVDEP in the next report produced during a sampling year. The data 

will be evaluated by comparing the results to the applicable standards (MCLs). In the absence of 

MCLs, the data will be evaluated for exceedance of Risk-Based Criteria (RBCs). 

In addition to groundwater and Treatment Pond influent and effluent data, a summary of 

the cap inspection will be included in the reports. The completed inspection checklist fonns 

(Attachment C) will be attached to the reports. 
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3.0 Long Term Maintenance 
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Maintenance and upkeep of the various components of the cap system and treatment 

wetlands are important to ensure their proper function. In addition, drainage systems will be 

maintained to assure proper drainage. 

3.1 Cap System 

Maintenance activities involve inspections of these areas for early signs of conditions that 

may discourage the effectiveness of the cap. An atmual inspection checklist for the cap system is 

provided in Attaclm1ent C. The following is a list of general conditions which will be checked: 

• Grass coverage - We have a vegetative cover on the cap to prevent erosion. The 

existing cover will be evaluated annually to detetmine if reseeding is needed. An 

exposed soil area greater than 10 square feet should be reseeded. Seeding should be 

performed in accordance with the approved Final Seeding Plan (August 20, 2003). The 

only anticipated cap maintenance activity is the manual removal of woody vegetation. 

Material damage to the grass coverage caused by O&M activities will be repaired by 

reseeding as soon as possible (next planting season). 

• Erosion on cap - Inspections for erosion problems will be conducted annually to 

maintain the continuing integrity of the soil cover system. An evaluation of the 

affected area will be completed and a plan to address any erosion arca(s) will be 

developed and implemented. 

• Soil-dwelling animals- If an animal burrow is found within the limits of the soil cover, 

an appropriate attempt should be made to deter the usage of the burrow. 

• Erosion in drainage areas - Sediment or stone that builds up in the receiving swales to 

the point of impeding flow will need to be removed. The two pipes that discharge 

water collected in the cap's drainage layer need to be kept fi·ee of significant sediment 

buildup (one is located on the east side, flowing to Swale 2; the other is located at the 

bottom of the northeast slope, near monitoring well MW-5). 

• Land slide or slope failures - The outslopes should be inspected ammally for evidence 

of soil movement. Evidence of a slide or slope failure may include gaps or separations 

the in soil cover across the outslopes or sagging areas. Should slides or slope failures 



O&M Post Closure Plan 
MOWOU-1 

April 13, 2012 
PageNo.: 10 

occur, a geotechnical inspection will be conducted to determine the cause and 

determine the appropriate means to address the situation. 

• Gas Vents - The six gas vents on the surface of the cap will be checked annually to 

assure they have not been damaged or blocked. Screens have been placed to prevent 

animals 1iom entering the vent system, and those will be maintained. If the risers are 

damaged or sheered off, they will be replaced, and if needed, a portion of the cap will 

be removed to assure proper attachment between the vettical pipe above the cap and the 

horizontal pipe below. No gas monitoring is required. 

• Fencing- The fence around the cap and wetlands ponds will be inspected annually to 

assure adequate security. 

3.2 Treatment Wetlands System 

The primary criterion for determining if the treatment wetland system is working 

properly is the quality of effluent water. Pond 2 will be kept with minimal grow of vegetation. 

Plants that begin to grow will need to be controlled annually. Herbicides will only be used if 

growth is too rapid to control mechanically. The extent of erosion or sedimentation in the 

mitigation wetlands will be evaluated; and if required, corrective measures will be implemented. 

Water levels in all three ponds can be controlled by the adjustable weir. Levels should be 

checked to assure that water does not back up into the landfill's toe drain system. This condition 

can be checked by looking in the access pipe between the drain and Pond 1. 

3.3 Replacement Wetland 

As per the "Revision I Remedial Action Quality Assurance Project Pian" ESC August 22, 

2003 and the draft "Revised Final Sampling Plan" (FSP) ESC September 22, 2003 the Replacement 

Wetland is to be inspected 'twice a year for 2 years, then once per year for tlu·ee years for a total of 

seven monitoring events over 5 years. ' The inspections were as follows: I time in 2003, 2 times per 

year in 2004 and2005, 1 time in 2006 and 1 time in 2007 for a total of7 'monitoring events'. With 

this achievement, the requirements of the plans have been met and therefore no further monitoring 

is required. 
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3.4 Other Disturbed Areas 

Other portions of the site will be inspected and maintained as follows: 
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• Fonner Lagoon Excavation Area - The lagoon area will continue to be checked and 

maintained under the regular program to assure that settling and ponding does not occur 

in the area of the oil excavation. Atmual checks will include a walk over of the area to 

see ifthere is unacceptable ponding in the area of the former oil excavation. 
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4.0 Document Control 
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The records required to document maintenance and monitoring activities performed in 

accordance with this Post Closure Plan include the inspection logs that are taken during sampling 

years and are presented in Attachment C. 

Each item requiring inspection under this Post Closure Plan is listed on the inspection logs 

contained in Attachment C. The inspector will supplement these logs with brief descriptions of 

required maintenance or other abnormalities. The completed inspection logs and supplemental 

information shall be maintained in a logbook and kept on file at the Cleveland, TN office of the 

patty responsible for conducting the fieldwork. 
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Attachment A - Monitoring Well Lithologic and Construction Logs 
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WELL LOG Pa~<-l . • <>1....2_ 

·wen N~_QfU)-lX.~>'-<ll _ Drl.l Ccmp11ly f.\Jr.C~n Bros . 109 &; J . 'l•ru> 

Clisnl . <.'DJ_JmQl_ on!t~r Jin t~u\:s1 __ Flo'~ nook tlo~· --------1 

Job llo. 192-l<.!.l -!fi qB!t>ate B<!gan.Ul..9.11UEn&..L,2l!.Lruilog Oai~~..=...2.Ll1l. 
·01Jllln9 Moihod .1\ir B.,t.a"'-' ~------- ----------- n•g LJ.wey 

Somp&n~ M•"""'-...:C\:=:t~t.,ir:~<~=s-'fl<.a:~,~~.ed No Sampl~---·----------1----~-~---' 
(;a!lng Sile •n:Hyp•-"-'="-~co=..,S"'W"'-=',.smen Slur ll/11. Join! Typ~'c.!L Pipe Len9~\ 32' 25 9a) 

Type of P•r.% __ l yp• cf S•alen~Hif'W"cJUW ar~ 
. &np1.1C.,menl 1-(ctnod.ihril!mJ t!'F!!li" pip=> 

(?' st idvpl 

p l ,,ch \.~~ ... ·-----~---G~UOns RemrNt:d~ 
lnler..al !bJO' lnl!!r"' -----.....tu.o._ _________ _ 

Oevclopmonl ll.&t'lod 

. Common~------------ -------------~---------------------------

·.-. 
.. 
• .. 
... 
!...~ 

.i_:~ 

~ ::~c':"". 

~ :::~~ 
,q 

:::_6'-
1~;-t=_ l ... 

cp::cy sott S1\.tle. acy • j 
20' : 'I'M S3JLisl:DI'~ (drilleD 

f\~rr.ar~s 

r.>J"'rt-1'<\ ir~ in hardrE.:~l 
2!i' : SLight ircr~e in troi.stu.I:c. 
30' t Set 6-5/S" S""u:el casinl ~rC1 .. .a""te3. u\Tlul 
. o-Jo feet. ~ft: eo :et 1e 
32.5'; 12!:): 'fl-'B¥ silty roe.le, dry.f:J.'A Iiig: l{l?ll 

. X:\ D.i.'l.ira.JL: 
0.11 

3~' :~ s!lale . Dry-. 
44 ' :Grey fine sari!y shale • 

52 • ; Dark gre-..:n-grey h>..rd sa,d.v 
s.l>ale , tlr';. -

!i9 ': Dcu:l: grey fiT.e ~-ain;;,.i sudr .-ono • 
61 1 : Strca." of sftrdy d..UC. Dr)~. 

62' ; VMk grey f i.M sardstc~ •. DLit • 
6~ 1 : Sli<Jht "'* of .,_.,.,o,r I lg-,.n) 
6~. 5' : :lard:stor--e r.s a'bo'ole! with 

.l.anin~t:i.ont of m...te. ~ 
c-J..:J . 

t> 
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'<I 
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0 ..., 

·m 
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Slig.IJt i!Y.::rease in =•'-"w<er 
Vel. gr:y ted 
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84 'r Grey shal!> ar.d 'M:!W'-.ly 
c<:rumt:Gj san:lsta>a • · 
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WELL ~OG -
Woll Na ORi>·IXi".,"-pl Otlll Cor.tpany IXT=an !.lt~s- lc9 et~'------1 
Client Ca.! ·IC.'11>! Driller ju, thli:L! fiald Book 1.:0---- ----1 

Jot> No. 192~RI1-smro:i>ara ee93nl&~End 2'/ H /86;_og Dal~---'----1 
Dtillino Mo!hod_M.r ·Pvtat_v RJg, _ _,Da=•...,=v ___ 1 
s~ mpllna Mo!l\od Cutt:.in<zs ~ No Samp!es _______ ____ l------- -l 

II/A JobtlyJO~~'klli:uL.Pi?<' Lcngt,~: 
"-----'"-'-'"------------rYP!' o1 S<JI!'m::l:l?.L~l...Om·at Gm•t II/TII 5 h<><T, 

lirn~hcom•n t M<L)~dFlllcd annulus via 
~•teml 0-28 1 • (2 1 ~tic~un)T!'l!lliC- l?l~ 

OeveiOf .. mCml 1.\ethod __!.1~--i ~l air for ~()=miD 

--~1::--' -:-=1-

·-. u . .:. : ll ..:::-:5( -

~H[~~; . ': ::.0 . -
._-._. ·. --.6 F:-

•. .• .. 

--~- :·:7;~· . 

Cesctipibn 

5 •: 'fellmrbrn sticxy c'lay. 

10 •: ~ecldb;b clay• 

l7 ': Rcdcli~h ,;andy cl11y, gra n 
grey sendstone frags . Dry. 
18 1: Green-grev sandst one. 
19.5 1 oGrey,sol:t siltstune. 
21 ~ Reddish. soft ~l~y/silt­
s t one. Dry. 

2.7 1: Grey , hard, t•e<L course 
sandstorler some gr~~n soft 
shale. 
28 1

: 6-5/G~ 
0-28 • • 

s-=:eel casin'J sut Grouted an."'.' ~ 

J2':Light '1""""' h;...'"d sha.J.e, =• .. 
r.o.!..sture. 
42_' : Liqht gn1e.u fire so.rpst..<>x: 
a.trl ~Tatar ~lgeon) • 
~3': Green sr.P.le• 
~{ 1 : Gr""..n sa')1sto:l':!• 
45 1 • Grey bimi silqr .sr.ale. Dry • . 
50 1: Grey soft s.J i xi)' s;~u.. . Pry . 

sa•: k.-n;;\1\tico o~ bro-..., clay; 
t.hun qre~r 1 ·ired to. a::W:EB bcitt.l~ 
su~:i...,..,.nna. 

65': 1:\ci qrey , ccar!e, very l\!.ni 
car.d.rt.Qno •;;~ith I!'J.ca.. 

Left to set 
15 h:::-s, 

.I.n~:!!b!.l 
s..vn~t:c~ ;u-.a 
sh.tl:. 

._ :---- ··-----. 
0!;!' 00789 

e-n 
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~ Y/ell ~;, CRD--ffi"tr:n;r Q ient m-~··(O?D) 

. -· . ". • ·;: 

Job No. i92-Ril-SIG~ log "Y·-"-'--''!.!!!l!!.......c=' 

•: l~t<!!: , i<t>?=· a rr,rr •• 

' : Bo t tcu of <;ill. 

IJi:p 00/90. 



,;:::-.. 
~ 
6 
0.. ., 
D 

D01el.ol.1 
Woler 

Oischarg• 
(GP~I) 

Vt'eU 
Conolruc.llon 

!lot•• 

Not.:: Bou:1uk. 
\nll "'><nblo 
o..u 2S to p si 
30 (e..!l 

Bor<bo1o ....SI 
nvinz 
prt.v<·u\t:d 
irulrlkm of 
tttu:.!e pip: to 
l>ot~<>mu{ 

c..uint. Cnio.t 
dch·co &Dd 
grouled rrotn 
Q;.Ys il~~M 

imi1e.. 

Well No: 

l'(t;tu: 
OV«WW.a i r:ill<d ,.;th ~.lS IS) US"-•> "'<thuc.d b<dr~:~ 1.> 10 f«l bil 
DriiJ!1!8-lo<h (7 7r<) Airii<GIIDU IO 00 (u< b_i; 
llor<i»\< ""'" vi•~ 6-in<h .U.odulo <G lhn•ckd<--.;;,~ '" 60 fttl bgt 
Dottho!< =pkt<d l> 119.4 fc.: l bJS 1 f.:<t ofuring '~tl:-up . 
f bsl '"'.e~: h:\·~11i. l4 f.v.t below l:rrof c.t.Jir.g 

Rock Description and Cornmcnts on Drilling 

O~t rb-Jfek..o l~ettJ.: (UI dcp~ iD (Uf !tom i;IOU!ld:swfu:e) 
0-0.1 sm blm, orgulklforc"S t litttr -
05 . S R<Jru1b bmwn ta"Hf}lt browo, a y l<> rlur.~, <ilty Cl..-\ Y w/trt« wA"e-i 
Uati\'t. suU, tO tn&J:urion offi11. 
s - 1-1 Sb-or.~ bt:J"''O ctf.y,y sn..Twi~ !c.w ftb!lle!il.! C.OtcfC.tillfU, ~t C~i..~ !:::.nd. 

COil[lC!iO.as Vi) \0 2-itZb!-f dhmtl!r@ 10-l'f 
II, -17 O!i\'C tJC'i'lll <l~yC)' SE.T, tlO coo-:r(.tion!l)' ~ltbl e.s 
ll-19 1'/<>ttutd gny/grtto 'tb>Jt• (•ii<y cl>j'r.oo•) 

llriJHd S ("" 1 rura, cbtt.kiJ:)r ror"lnhr behruo tod dnozu 
R<YI tl>nt<·• U 20.0, 20, 29.1, 14.1, 39.l , wd t,4.l (rot 

35.5 · 4l l.J i;UY 1iltHOOC. ~.Ui'-1 lo lint .$Jr,dy 5J:t!tOnC:, $.13rting t~ J~t iftc.u .. l..;U :o .u.:~ 
c~lrr.t zpprctc.hir:r. 41 fH4 v1.Wse te»:: still m».::ing w!lu-1':-klc Ll UJi.og ittn£l~ti(_';-;L 

D 
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. . 

i;:o-... 
~ 
I: 
0.. ... 
0 

..... 

Eslimaled 
Bo<eho!e 

\Valc'f 
p~<hatge 

(GPM) 

Welt 
ConsiNclioa 

Ho!es 

h:munr:t 

b::~tcho\c 

Well No: 

No~ 
U•<Tironl:n clriQ«< ".;!h S25 ID HSA to w<.>lhcrtd O<Jrod: tolO fcct bzs 
Dnl~d s-iooh (17f8) Air Huwncc lo 6310« bgs 
bo:Uiolo ~d Hilh 6-bch 1<l1!00k~O l hr-..ul~d c.nro: ro 60 (c« b~J 
6ord,o1• e<>l!tpl,;ed to 119.4 Jc<r~g• 2 fettofcmlng •tid:·Uj> 
Fie> I w•lcrlt•·d 78. !4 fc:l ~'low l.o? o[tui>~ 

Rock fle$crlptlon and Comments on Drilling 

Drilltd s rout Jut.J, chtddu~ for \Td:r bdwu.o roll chlh£ZS 
Rod chL"Jl" clio'..! , 49.1, .14.1, 59.1 , 0).~ (>'filch lo 6-io•h l.amm.:t), 64.'., 69.4, 14.4 ftc~ 

47-S<..S CUvc gny tandy si~uto:le witl1 grtdull tu nsil\t):-t lo &JL.Y dA)·ey .silUtou~wl ln~ 
M !: Slr.d, chMJfC in tor~ ne.v 52, bti.:fir.ct"C.a.so in nnd tO;lk~;. ···.ll:yi.og h> sHcy ~:militoi\:, 
th: n b>ck 10 ,;tl<lm<; b)' 5).5, ...,i bul: to <L-.dslOOO hy 54.5. . 

C2..Sing JJl~t:t)bljon: tl-n:h seht:&lle40 S1c.d . frwh lhluded e.u'.Dg WI>$ i..'"u"Cflcd <!own 
lt•tough 8/l•l·incb lD }lSA io!o opm &·!ncll borehole. ll o~e cooditioo colh?lin&j\UI 
btlow .-.c:ose zoo: w.uu n.!r)• polot •t 28 f"'-' bes. Bo:eool• w<ll :.!lu uu111hl: .W 
~ll-,.pWog r.ta( 30 (t.!'-t f:t,s ~tit.\il\ itd rn.:n1cdsi\t510i\e, Tr<mi: J!irt- could not be [u:crtcd 
,,;thNh'.1\DCoeruco'. o(ms!Dg. Cui.o,gpwbe~wd &me:~ to 55 feet Tcr: Rallcos Purth.OO. 
Type 1/ bmto~:tt ~rout rf>:<d by tremle plr: to l-ottom of S~inch bae'tlole (6() f<tt) u.1 
c:..!.iOldrivc:n ~o v.J .. lo roref\ttc: bottcui Hll HSA rcmoYtd t.nd \.Q..DDlc.s b~twc.rn ~! cll :,.~l :: 
ao.U6-u:ch c.·uin8 !:JOOI<d 1rlJ'onW>d Ti-p: l/ bu:oo~.c j;ID'~t pl.cul w/lr<oie p ipe >170 
fcc:.. Oco:Ul<lUor•t:i to C\:lc o\·eculibl. \Vh~ dlillio3 c~a\Dl!nc(d on foUowloE: da)', •tidUit 

zc-:.-c lU\CtS jo N-rehoh oot'~d prior da.y lud b:tu !::o.lN u£rindie1tiag tlnc c..mn, ~~! w~ 
e(fed.if'!. 

OO<lliul (redrlilh'oruwo) c<J:tiorut 7J f(.!{ bgs, O.<lt to tr•Y s.'<rluout b)'D.S f«t l>ts. 

Fr.l!Ch:J:C. C){ fiAti.U(C. 70'6C-
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. ,,, 

,;:;- F.$tiffi3~0d ., 
Botehote 

-~ Wale; W~l 
:5 Oistlurge a. · v (GPI.I) 0 

Well No: 

Not~!: 

Ovuburohh doill•d \>ilh 8.lHD HSI- to w~~!J,.;,<d b:dto<l: lo 20 fw """' 
O.ilk<IR·ltr.h (7 7/S) /Jr H'>ml1'<r ta GO ~c-ot b(S 

llorcbo!c c:ud with 6-in<h Y.be<lclo 40 thrud<d cuint. to 60 fa t bts 

llorc~ol< v.rrpl:lcd to II?., fc<t bt•. 2 ro.~ of cuiog stick· up 
F&11l Waitt J.:•·ei7S.JI, ft>l b:lo·..;l"i' of cuin~ ~ 

Rock Description ;md C.omments on Drilling 

Dn1h:d 5 foot rJn~. cl•r.dtln.s; fc-c \U.t.!J )!c.m·n.n tod c.han~:,c.s 
lllld chug<> •I 74.1, "i9A, &M, 89.4, 94.4, 99.4, lM.4 [w 

75·105 !Jon: IJljl, line to tn!~ium :;n;in .,n-:ls:.v~,. h>Irl, comp>t:n~ fm:turcs u oolcd 

bdow. 

?S·?S.6 C"olor cb>:oJiC, J0-15'/o itoo ox ida (i'cox) in tuttiogs (u:duning litr.ooi~ >.nd 
(>OS<Ibly tcmalite)jn <Wins<, fru.tUI! tor wt<.l: fre<ru,.,zo~oW dt)'· 

?1.4-93,4, l..wins dl1$t durint dtiUio,!;. lhi.l: lfY.)i!.i:D' ... H to OJt li QSf. T~ce c:~~i~"til"'n in 
C"llllin~l nt92.$ to 94.4, \WJ\; W>l<r brntint fTOU<I• •or,•. 
Ap..uo.Cm.,llly) S"JJlOC'U or \'t";;l~r W:rr 5TPmo:.:rz: rod ch.lill,C.&t 94.4 [t=.l • tt-o\!.t0.6 o~ 

(viru>lutil!Uie) . 

Son @95.2 (fo ;><lute 1, pn<>lbly s;t;y I:M). 

t\!)prnxim"tely 3 r,..'\1\oru of 'l\':Jier ~tu 5 rnin'Jle rod chtnft:.Ct ~.4 fe!l. ~ d:lltH 0.6 tpQ\ 

(visu>l e.stinu.t<). 

ApproY.inu.!!l)' 6 to 1 i::iTiollS of watt..-t..!kr 10 minule tOO cbwt~ 't 101.41 faJ. co 3~ 0.6 
·0.7 S?:n (vis-r..1l t.~No1!.,). 

104.2 Vl<>l: o:tid•tioo. 

:0 

i· r 

I ,. 

I 

http:vis\l.al


c . ., 
~ 
£ 
0. 

"' 0 

Estimated 
U01ehO.:~ 

\'.Jatcr 
O~.hor~~o 

(GPM) 

Wen 
Cor\&trucUon 

Na~~ 

!J}P ) \9_4 

f«{ ~g; 

We ll No: 

Nol<s: 
O<crtur<!<n cln11cd wilh 8.25 ID USA \0 wcul:md b!<ltocl:to 20 f«t ugs 
Drill<'l S·in<b {17/llj_l-..ir l1w''""' to 60 f<cl b0s 
llon:hoie t~ucd ttirb t>--f11<:h S(hr:l..u!& -40 lhre.x'~d c.!..r'.TJ.~ lo £.0 fee£. be,s 
Btlft.t'l-J~~ wr;o-~k!'-11 lO J 19.4 feet b~ 'l !~tl ofr:..fn~; t lick-up 

fin.llw:t.lc.r }".''d 7S.I4 fc:-t b:lo .... L¢p arc.usi!J~ 

Rock Description and Comments on Drilling 

Drilled 5 £cat (IHU, ~be-.:k.iug Jor wal.u LHTUfU re~tl 'h:lri\!el 

R~d c-t~&~S 't 1Vt4, 109.<. l l4.4, l !9.4 fell 

lOS · 106 D.U~t i:"Y
1 

fm) to mc~u ,F;:r..W H.ed.Jtoll,o:, hard, comp:tc:ll. 
105 -l 1~ ObMp uusitiva t.:J olive g-;:q ~cdyi!IUtoce, w/ tmc.e :o JitlJ.t. Un!-IO ~'~V'M 
Ju.d ~!<i tn.ce ":Oibtioa nu..r 106. App!Cc!'nt io:-:u..s~ ju ~3tcl r.o·o'l~ fiout 106 fc~l '"' c~ or 
run, .su1st aier; [uuo.~rc xoc;. ~t or r.e . .-'\r cMl!ct 

ApproO~:'Iltlr 10 co l5 &tUc-~ cf~to\fct c. flu 10 nlinutt(01.clu.q_e 't JOY.4 f~ct:-.. mut 

1.0 ·l.l [pm (>ilrnl dti:ll!!e) 

113·1 19.4 D>rk 11•1 ,;~:yaoostoa:. Te,.,i•>" hoi• uTrr.u D:~ (JD) of 119.4 ' ' 

l l;2l AJ.!. 

\Vcm ne\'dopJa~.a.t ,..;ol ~s: S\nged tods Lbe.o. 6\1! off;aira.llav.~j boal-,qlc tQ 6!1 o:u! b!e.\\1 

bo!eo<l! with roav<<ss:d >lo.t 11,;0 (-t/-20 ;;>llwt<}, t2:l0 (+10 gillo.,.), 12:30 (tl· 30 
t<iluo.s). lJ;40(1Q.-15 ~lk>n-<), t1,SO w)llit<d r.irpnomu-eacd flow Jo >lloW Nr<inw>:u 
flow or W.11C( bern OOrchele, w-de{ inlri!l.':>•, &Jk_ (O;;dil.fC {Fwx) /i'Jl~!~ :lowiy 1i~hl~i.!htg 
!.h:i hc.c{lru.hlgttc<e tnus)x:-:o~ WJ!ti' flowJ iMtt~lo:c sU£1-Uy ;;s lxhe.h:-le is p'.Cilpe..; 
,·lnul t.iti.m:l~ (1-3 w.u t1l.1x..iK:n'.lSll flowl), 13:00 \Yafrrduri~g. 13:10, w.U;r clC:!t 10 

mtd l:f~. lJ:J(J d~·fe!O;o;rl(.O~ t:!'Ciotroi 
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:-c"",::~·~·.::...:...~~..:=; ....... .:..- .......... 

WELL LOG 
OrW CompROy O..t:l::.>Jl Bros, l<Y,~Ily_J"-'-, _:Vc;an:.,...nc_ ____ .l 

Client ~Cti~(·:L! ..ll.>!cru>~) __ Or<Uor Jim IVrlte Fi!Jd Ucok 1\'o'------- - 1 

Job i~o. J.2.2.:::NJ·Sic·PN Data El<>3en.2L2l.L&ti.... Er.~,..,~ Log Date - -----1 

Orlllir.y Method · 1\ir fbt;uy R,g_.=Di<v=~'-"~'l'V'---·1 

S>mplLng/.loti;od Cuttirns Dcamir.ed lloSamples _________ _ , _ _ _____ --J 

· C?.sing Site and Ty,~-~8" co Steelscr<en Si<e II/A Joinl Typ•~ Pl~ Leriglh_2,U-.,<rll 

Typ" oll'ack __.tc.cluA,_ _ _____ ____ Typ• of S<alfurtl am Cim"..m:...!'=tt ...... U.f.U.l...l...h.\.,'IS 

~mpl•«monll.l•l'rod____lli) fii,pt;;ce101e111 Method Pilled aro!J'ilu~ via trr,:oi~ 

ln lcfrv~l Interval (t;> ' r>i;:e 

D€:.veJoptMnt f ... 1etilod 
· Gommunts _ _ __ __ 

~-' l~:tt?' 

:~ -~ - ~~?: 8 -~-

~ 8 ~"-
n - - . - - 'i1 :::-
M :f'oc._ 

.. 
. '' 

,...._~ :-: 3l:,=-
d-."'-' ,:;,:;:;::;- 1-'­

. ·::·3 ::.. 

S 1: &cl.la.'-b...-n s oft: cl.av , 
~·: ~~sh -~a:rriy clay: 

;,,m.,>• 

13! Ok g ::ay, r<t'd-hani fril.<.;t"l:t::i 5-"..sv.J COO!:e.1t 

s.'l3J.e. Drf" ir.:re.z.sing 
17.5 :~ gre.y ,hacl £irt" surds tor.'.! 
'!lcy. 
19' :sar.dstone inc['6'1sl.rq in' 
re.rti.Clc si2e to med a rairurl 
with mica. Dry. -
21 .5' :f.Et 6-S/8 >I:=~ =sin-:r . (.il:o'-!L"i'l ar.nulu 

o-n.s•. · l,efi:. t6 set !o 
31' :t>k gR'}, =a.rs<> haxd san:l.- 21.5 hr.;, 
si:DcP-, A li<U.=t.ion ot l.un ckys .C<'t': . • 

33' :Lard.J'I.ai:"l'ln oi qre.y claysbh!! 
in so."'istorr>. Dm cln)'!Jtnn<' .. 

i 
l I 

I • 

i i 
I ; 

I·; 
., ; 

1.1 

I 
I 

... : : = 
.. -: : ~c,::-

• . • 6t .··. ·. -

JS' 1Ve...-y =se If) to ne:l • 
gruin"'i !:'ar>.i!:t...--r.e. 51:3.inci b>:n, 
pmb. fron clayston!!. llry • 
45',Dk grey, rw:l to cxxrrse . • 
qra.i.ned h-rd sanistcr.e. Dry • 

Cl••Y ciiill.nis!-.cj 
Hith rl5.{Jth.S.S -• J 

~~jy cer~~te 1 

. ::~~-::~'::.. 

. ·: . ~ ....... :. 
- .. "' .'-_sc~ 
· .. :_. !.i -..:· - ~ 

~:......:..; 

~~;, 

() . · .5'~ 
: :·. ·.~ 
··.6 --

~:~ 
.:~·::· ~ 
;-f.J(r=· 

51 r !DL'l stai.n:rl \>eak Saffisto.:.l-91 

~!:IT~ d.\;" grey Cj&r~e hard tCll!lsin s. 
S4 1 !1.ri:=ti?£e in noislt..!t:c. 

61 1 :Dm days'"..<>ne 2.1'.d. bm st;air.!; 
OY.Use •,.:e.!!.k s!llids'"~ with 
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Attachment B - Sampling Standard Operating Procedures 



Standard Operating Procedures -1 

Note Taking and Log Book Entries 

Materials: 

Permanently bound log book (no spiral bound log books) 
Black or Blue ballpoint pen (waterproof ink) 

Procedure: 

1, Use black or blue ballpoint pen with waterproof ink. Felt-tip pens should not be used. 

2. Enter lhe time (in military time, e.g.,) in the left column of each page when an entry is recorded 
In the field notebook. 

3_ If a mistake is made in an entry, cross out the mistake with one line and initial the end of the 
line. 

4. At all times, maintain the chain of custody on the field log book. 

Content: 

1. Be sure that log book entries are LEGIBLE and contain accurate and inclusive documentation of 
project field activities. 

2. Provide sufficient detail to enable others to reconstruct the activities observed. 

3. Thoroughly describe all field activities while onsite. Be objective, factual, and thorough . 
Lnnguage should be free of personal feelings or other terminology that rnight prove 
inappropriate. 

4. Describe problems, delays, and any unusual occurrences such as wrong equipment or 
breakdowns along with the resolutions and recommendations that resulted. 

5. Fully document any deviatlm~s from or changes in the work plan. 

6. Describe the weather and changes in the weather, part icularly during sampling events. 

7. If possible, photograph all sample locations and areas of interest. Maintnin a photographic log 
in the field log bouk and include: 

Date, time, photographer, name of site, general direction faced, descriptio!\ of the 
subject taken. 

8. Record the names and affi liations of key personnel onsite ench dny. 

9. List all field equipment used and record field measurement s, including distances, monitoring 
and testing instrument readings (e.g., pH, conductivity, model numbers; etc.}, and calibration 
activities. 

10. Record proposed VJork schedules and changes in current schedules In the log book. 

11. Describe site security measures. 

I 

I 
j ,. 



Scope: 

Standard Operating Procedures- 2. 

Sample Container, Preservatives, & Holding Times 

This operating procedure descries the ways and means of selecting the appropriate sampling 
contain~rs for environmental sampling. 

Application: 

The purpose of this procedure is to assurethat sample volumes and preservatives nre sufficient 
for analytical services required under EPA-approved protocols. 

Materials: 

Sam pie containers 
Sample Container labels 
Indelible (waterproof) markers or pens 
Clear tape 

Procedures: 

1. Refer to Table 1 for minimum sample volume and glassware types required for sampling a 
p<Jrticular matrix and compound class. 

2. Select the appropriate glassware (i.e., bottles or jars} from those provided by the analytical 
laboratory. Verify that the analytical laboratory has provided the correct number of sample 
containers and the correct preservatives for the project per the sampling plan requirements. 

3. The analytical laboratory should always provide extra sample containers for all analytical 
parameters in c.1se of breakage or other problems encountered in the field. This is particularly 
true for VOC sample containers (i.e., 40- ml vials). 

II . Report any discrepancies or non-receipt of specific types of sample co ntainers to the Quality 
Assurance Officer immediately. Arrangements should be made with the laboratory to 
immedi<:~tely ship the missing or additional sampling containers to the project site. 

5. Information on the sample labels should contain the following data: 

Site/Project name 
Project/Tank number 
Unique sample identification number 
Sample date 
Tine of sample collection {military system, e.g., 0000 to 2400 hours) 
Analytica l parameters 
Preserv<.~tive 

Sampling personnel 



6. Once sample containers are properly labeled, the sample labels should be wrapped with clear 
tape to prevent deterioration of sample label. 

7. Proceed with the sample collection per the sampling plan requirements. 

8. Collected samples should be immediately placed In an Iced cooler to maintain as close as 
possible a 4•c atmosphere for shipment to the analytical laboratory. Follow s<tmple shipping 
procedures detailed in Sample shipping Standard Operating Procedures. 



/ 

Standard Operating Procedures - 3 

Groundwater Sampling 

Materials: 

Bound sampling notebook 
Groundwater monitoring data log forms 
Well key 
Adjustable wrench or manhole wrench 
Plastic sheeting 
Flashlight or mirror 
Electronic water level indicator or interface probe 
Bailer (bottom loading) 
Pump (for purging) 
Nylon or polye thylene rope 
Temperature, pH, and conductivity meters 
Otf)er field meters, as appropriate (i.e., turbidity meter, 00 meter, etc.) 
Sample bottles, labels, indelible markers, and clea r tape 
Peristaltic pump 
0.345-micron filter 
Teflon tubing 
Polyethylene tubing 
Pocket knife or scissors 
Saranex or Tyvek suit (if required by Health & Safety Plan) 
Nitrile gloves 
Vinyl gloves 

Procedur~: 

1. Verify locations of wells, media to be sampled, and parameters to be analyzed for as specified In 
the sapling plan. 

2. Prepare field log book with description of site, weather, participants, and other relevant 
observations, including all sampling data necessary to complete the groundwater monitoring 
data log (Refer to SOP-1). Inspect the well for soundness of protective casing and surface 
ground seal. 

3. From the top of the casing, measure the depth (in feet) to water (DTW) with an electronic water 
level indicator and record in the field log book. Static water level measurements must be 
reco rded form the surveyor's mark at the top of the casing, if present. If no mark is present 
mark a location with a met<JI file or indelible marker on the casing for future reference. 
Measure and record the total depth (in feet) (TD) of the well. 

4. Monitoring wells should be silmplecl by starting with the upgradient (or clean wells) and 
proceeding downgradient (in the order from most to least contam in<~ ted wells) for Lhe 
remaining monitoring wells. 



5. Calculate the length of the water columns in the well casing. 

length = (TO- DTW) 

Calculate the volume of water in gallons in one well casing: 

For a 2-inch well : 

val = [{TD- DTW) * 0.16) 

For a 4-inch well: 

vol = [(TO- DTW) * 0.65] 

For a 6-inch well: 

vol = [(TD - DTW) * 1.47] 

Or calculate the volume using the formula: 

vol = (TD - DTW)(CID)2(0.04) 

or 

where: 

vol = 0.041 d2h 

h =TD-DTW 

d ==diameter of well 

CID =casing inside diameter in inches 

6. Before se~~npllng, each well will be purged by pumping at the lowest rate possible (typically 100 
ml/min). The pumping rate should cause little or no water column drawdown (less than 0 .2 
feet), and the water level should stabilize. Orawdown will be monitored. To measure the 
volume of water being removed from the well, a calibrated 5-gallon bucket or other known 
volume container mny be used to collect the water. 

7. Monitoring wells will be purged wi th a peristaltic pump prior to sample withdrawal to ensure 
that a repre~entative sample of formation wnter is collected. Dedicated tubing for each well will 
be used, so they do not need to be decontaminated be fore each sa mpling event. Place plastic 
sheeting around the well before beginning process. Once plastic is <~round well, t he purging 
process m<1y begin. Keep the plastic as clean ns possible. 

8. Pumping will continue until the pH, temperature, turbidity, and conductivity have stabilized (pH 
± 0.1; temperature ± 1 degree Celsius; conductivity ± 3 percent; turbidity ± 10 percent). If 
tttrbidlty does not stabilize within 20 NTU range, both filtered and unfiltered samples will he 
collected for metals analysis. 

9. During the purging process~ geochemical measurements (e.g., pH, conductivity, turbidity and 
temperature) should be collec ted a minimum of three times. Record these data in the field log 
book. 

10. Wells should not be pumped dry to ensure stabiliza tion of indicator parameters. In low yield 
wells, it is important to avoid dewatering the well screen interval. No specific minimum quantity 
of water needs to be purged from the well prior to sample co llection. However, if stabiliza tion 
does not occur within a reasonable period (i.e., 2 hours or less), the Olin Project Manager should 
be contacted for additional direction. 

11. 1\ffix a sample label to each sample conta iner and complete all required information (sample 
no., date, time, sampler's initials, analysis, prese rvatives). Place clear tape over the label. 
Record sample number, well number, date, time, and the sampler's initin ls in the field book. 

r 



12. Collect the groundwater samples after stabiliz;~tion is complete. Sample first for VOs, taking 
ca re to remove all air bubbles from the vial and minimize agitation. Collect remaining organic 
samples then inorganic samples. 

The recommended order of sample collection Is as follows: 

In field me;~surements (e.g., temperature, pH, specific conductance, turbidity, dissolved 
oxygen) 
Volatile organic corn pounds (VOCs) 
Purgeable organic carbon (POC) 
Purgeable organic hRiogens (POX) 
Total organic halogens (TOX) 
Tot<~ I organic carbon (TOC) 
Extractable organics 
Total metals 
Dissolved metals 
Phenols 
Cyanide 
Sulfate and chloride 
Turbidity 
Nitrate and arnrnoni<1 
Radionuclides 

13. Thoroughly decontaminate all equipment used before proceeding to the next well. Discard 
plastic sheeting, towels, gloves, etc., in a plast ic bag. 

14. Complete chain-of-custody forms with appropriate sampling information. 

15. Complete both front and back of the groundwater monitoring dilta Jog {attachment) for each 
monitoring well or sampling point upon return from the field, using data frorn the field log book. 

Filtering of Metal Samples: 

1. Assemble perista ltic pump per operating manual instructions, which accompany pump. 

2. At the pump intake, attach polyethylene tubing to the tubing at the head of the peristaltic 
pump. The polyethylene tubing should be long enough to extend to the bottom of the baler. At 
the pump discharge end attach a clean 0.45-micron filter (or appropriate sized filter) to the 
Teflon tubing. 

3. Turn on the pump and draw the water from the well, through the pump and filter, and into the 
sample container. 

4. Disassemble the pump head and discard the polyethylene and Teflon tubing and filter in a 
plastic bag. 



Attaclm1ent C - Inspection Checklist Logs 



Inspection Checklist 
Operable Unit 1 

Morgantown Ordnance Works Site 
Morgantown, West Virginia 

DATE: ____ TIME: ____ INSPECTOR: ______ WEATHER CONDITIONS: ____________ _ 

Requires 
Item OK Maintenance Comments 

Cap System 

Adequate grass coverage on all portions of soil cover 
system 

Soil cover areas are free of ponding surface water 

No woody plants developing on soil cover 

Protective soil cover layers are free from erosion ruts caused 
by surface water runoff 

No evidence of soil-dwelling animals disturbing the 
protective soil cover layers 

All areas of slope remain stable with no apparent slides or 
slope failures 

Site fence extends to within 6 inches of ground surface with 
no large gaps caused by erosion or animals 

Site fence and barbed wire are completely intact and upright 
with no damage from tree limbs or soil erosion 



Requires 
Item OK Maintenance Comments 

Wetlands -(see Section 3.2 for inspection frequency) 

Retention of 80 percent of the original wetland replacement 
system ( 1.05 acres) and 80 percent of desirable species 

Predominance of desirable, nuisance, and native 
hydrophytes within acceptable range. 

Occurrence of wildlife and potential for exposure to residual 
leachate in treatment wetland system 

Erosion or sedimentation within acceptable limits. 




