
ERRATASHEET 


The Following Corrections and Clarifications Apply to: Closure Report (CR) for Corrective 
Action Unit (CAU) 91: Area 3 U-3fi Injection Well 

DOE Document Number: No DOE document number issued to this document 

Revision: 0 

Original Document Issuance Date: November 1995 

This errata sheet was issued under cover letter f rom DOE on: August 10, 2010 

The closure report for CAU 91 has no Use Restriction Form or drawinghap included in the 
document to describe the use restricted area, however, Section 3.3.3 states that the site will be 
fenced and signage placed indicating the area as a Resource Conservation and Recovery Act 
(RCRA) Unit. The drawing that was placed in the FFACO indicating the use restricted area lists 
the coordinates for the RCRA Unit in Nevada State Plan Coordinates - North American Datum of 
1983. In the ensuing years the reporting of coordinates has been standardized so that all 
coordinates are reported in the same manner, which is: NAD 27 UTM Zone 11 N, meters. This 
Errata Sheet updates the coordinate reporting to the currently accepted method and includes an 
aerial photo showing the RCRA Unit with the coordinates listed showing the use restricted area. 
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Department of Energy 
Nevada Operations Office 

P.O. Box 98518 
Las Vegas, NV 8919343518 

Paul J. Liebendorfer, P.E., Chief 
Bureau of Federal Facilities 
Division of Environmental Protection 
State of Nevada 
333 W. Nye Lane 
Carson City, NV 897 10 

CERTIFICATION OF CLOSURE OF THE AREA 3 U-3F1 WASTE UNIT 

A copy of the Certification and Closure Report for the Area 3 U3Fi  Waste Unit, 
November 1995, is being sent by copy of this memorandum to your Las Vegas office. 
As required by 40 C.F.R. Part 265.1 15, the report contains a signed certification of 
closure by myself as ownerloperator of the site and a signed certification of closure by 
an independent registered Professional Engineer. 

Construction activities for the closure were completed on September 28, 1995, and the 
first neutron soil moisture logging of well 3-3 was completed. 

Since the site is expected to remain in federal ownership, no notice of Resource 
Conservation and Recovery Act closure or survey plat is being provided to Nye County. 

If you have any questions regarding the closure report, please contact Janet L. 
Appenzeller-Wing, Environmental Restoration Division, at (702) 295-0461. 

V ~ e n y  A. Vaeth 
Acting Manager 

I 

Enclosures: 
As stated 

cc w/encls: 
G. J. Sieren, NDEP, Las Vegas, NV 
K. C. Beach, IT, Las Vegas, NV 

cc WIO encls: 
S. J. Nacht, REECo, Mercury, NV 
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RESOURCE CONSER VA TION AND RECOVERY ACT 
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November 1995 

P r e p a r e d  f o r  
U n i t e d  S t a t e s  Depar tment  o f  Energy  
E n v i r o n m e n t a l  R e s t o r a t i o n  D i v i s i o n  , . 

P r e p a r e d  by  
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1 . 0  INTRODUCTION 

T h i s  r e p o r t  documents t h e  c l o s u r e  o f  t h e  U 3 f i  Waste U n i t  ( U 3 f i )  l o c a t e d  i n  
A rea  3  o f  t h e  Nevada Tes t  S i t e  (NTS), Nye County, Nevada ( F i g u r e  1 ) .  The NTS, 
a  U n i t e d  S t a t e s  Department o f  Energy (DOE) f a c i l  i t y ,  i s  a p p r o x i m a t e l y  105 
k i l o m e t e r s  (65 m i l e s )  no r thwes t  o f  Las Vegas, Nevada. The u n i t  was used f o r  
t h e  d i s p o s a l  o f  wastes c o n t a i n i n g  c o n s t i t u e n t s  r e g u l a t e d  under  t h e  Atomic  
Energy A c t  and p o s s i b l y  t h e  Resource Conserva t ion  and Recovery A c t  (RCRA). 

Approva l  o f  t h e  c l o s u r e  p l a n  was g r a n t e d  by  t h e  Nevada D i v i s i o n  o f  
Env i ronmenta l  P r o t e c t i o n  (NDEP) on August 28, 1995. M o b i l i z a t i o n  e f f o r t s  
began September 5, 1995. C losu re  a c t i v i t i e s  began on September 6, 1995. 
C l o s u r e  was completed on September 28, 1995. F i g u r e  2  p r o v i d e s  t h e  p rog ress  
o f  t h e  c l o s u r e  a c t i v i t i e s .  

T h i s  s e c t i o n  o f  t h e  r e p o r t  p r o v i d e s  t h e  purpose and scope o f  t h e  c l o s u r e ,  a  
summary o f  t h e  work  performed l e a d i n g  t o  t h e  c l o s u r e ,  and background 
i n f o r m a t i o n  about  t h e  U 3 f i  Waste U n i t .  S e c t i o n  2.0 p r o v i d e s  i n f o r m a t i o n  on 
t h e  f l o o d  assessment prepared t o  de te rm ine  e n g i n e e r i n g  c o n t r o l s  r e q u i r e d  t o  be 

a des igned  i n t o  t h e  c l o s u r e .  S e c t i o n  3.0 p r o v i d e s  d e t a i l s  on t h e  c l o s u r e  
a c t i v i t y .  S e c t i o n  4.0 p r o v i d e s  c l o s u r e  c e r t i f i c a t i o n s  s i g n e d  by t h e  DOE and 
by t h e  Independent P r o f e s s i o n a l  Eng ineer .  

Appendix A  p r o v i d e s  t h e  d e s i g n  summary f o r  t h e  f l o o d  s t u d y .  Appendix  B 
c o n t a i n s  t h e  g r o u t  p l u g  c a l c u l a t i o n s .  D a i l y  r e p o r t s  and f i e l d  n o t e s  a r e  
l o c a t e d  i n  Appendix C .  Appendix D  c o n t a i n s  t h e  Independent  E n g i n e e r ' s  NTS 
D a i l y  R i g  Opera t ions  Forms. M a t e r i a l  w e i g h t  sheets  and d r y  m a t e r i a l  ba tch  
w e i g h t  c e r t i f i c a t i o n s  a r e  found i n  Appendix E and t h e  g r o u t  t e s t i n g  r e p o r t  i n  
Appendix F .  

C l o s u r e  requ i rements  a r e  based on t h e  f o l l o w i n g :  

T i t l e  40 Code o f  Federal  R e g u l a t i o n s  (CFR) s265.310 C l o s u r e  and Post-  
C l  osu re  Care; 

Nevada A d m i n i s t r a t i v e  Code (NAC) 534.421, P luqq inq :  W e l l s  f o r  Purposes 
Other  Than Water Wel ls;  

NDEP, 1995, Hazardous Waste Manasement F a c i l i t y  Number NEV HW009, U n i t e d  
S t a t e s  Department o f  Enerqv, Nevada O p e r a t i o n s  O f f i c e ,  Nevada T e s t  S i t e  
I .D .  Number NV3890090001, P a r t  B Hazardous Waste P e r m i t ;  and 

a T i t l e  4.0, CFR s265.115 C e r t i f i c a t i o n  o f  C losu re .  
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FIGURE 1 - SITE LOCATION 

SOURCE: UNITED STATES GEOLOGICAL SURVEY 1 
REECo YUCCA FLAT, NEVADA 7.5 MINUTE QUADRANGLE, 1983 I 
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1.2 PURPOSE M D  SCOPE 

Based upon t h e  c h a r a c t e r i z a t i o n  d r i l l i n g  program, i t  was d e t e r m i n e d  t h a t  t h e  
b e s t  cou rse  o f  a c t i o n  was t o  c l o s e  t h e  waste u n i t  i n  p l a c e .  C l o s u r e  c o n s i s t e d  
o f  decommissioning t h e  w e l l  by  emplac ing p l u g g i n g  m a t e r i a l s ,  c o v e r i n g  t h e  u n i t  
w i t h  a  c o n c r e t e  pad, and e r e c t i n g  a  c o n c r e t e  monument equ ipped w i t h  a  b r a s s  
i d e n t i f i c a t i o n  marker  f o l l o w e d  by s i t e  g r a d i n g .  Fenc ing  and s i g n s  around t h e  
u n i t  separa te  t h e  u n i t  f rom t h e  s u r r o u n d i n g  a rea .  

T h i  s  r e p o r t  i n c l  udes t h e  f o l l  owing 

U3f i  Waste U n i t  d e s c r i p t i o n ;  

F lood assessment and des ign ;  

C losu re  and cap des ign ;  

C losu re  d e t a i l s  i n c l u d i n g  a s - b u i l t  d raw ings ;  

Survey p l a t  o f  t h e  l o c a t i o n s  and d imens ions o f  t h e  U 3 f i  Waste U n i t  and 
ER-3-3 moni t o r i m g  we1 1  ; and 

C losu re  c e r t i f i c a t e s  s igned  by  an a u t h o r i z e d  r e p r e s e n t a t i v e  o f  
DOE/Nevada and a  independent r e g i s t e r e d  p r o f e s s i o n a l  e u g i n e e r .  

1 . 3  SITE HISTORY 

1 . 3 . 1  DESCRIPTION 

The U 3 f i  Waste U n i t  was an abandoned emplacement h o l e  l o c a t e d  i n  A rea  3  o f  t h e  
NTS ( ~ i g u r e  1 ) .  I t  was d r i l l e d  by  Reynolds E l e c t r i c a l  & E n g i n e e r i n g  Company, 
I n c .  (REECo), between March 27 and A p r i l  24, 1967, f o r  emplacement o f  a  
n u c l e a r  t e s t i n g  d e v i c e  f o r  t h e  Los Alamos N a t i o n a l  L a b o r a t o r y  (LANL). A  
d e t a i l e d  h i s t o r y  o f  t h e  emplacement h o l e  d r i l l  i n g  program can be f o u n d  i n  t h e  
U 3 f i  Waste U n i t  C losu re  P lan  (DOE, 1995a).  

On A p r i l  11, 1967, t h e  dep th  o f  t h e  h o l e  was '256 me te rs  (841 f e e t )  be low t h e  
s u r f a c e  (bgs) .  Due t o  subsur face  c o n d i t i o n s ,  a  t h i c k e r  d r i l l i n g  foam was 
i n t r o d u c e d  t o  t h e  h o l e .  The foam d i d  n o t  work  and t h e  h o l e  caved, t r a p p i n g  
t h e  d r i l l  b i t  a t  a  dep th  o f  254.8 meters  (836 f e e t ) .  A t t e m p t s  t o  r e t r i e v e  t h e  
d r i l l  b i t  f a i l e d .  The t o p  o f  t h e  c o l l  apsed emplacement h o l e  was l o c a t e d  a t  
73.2 meters  (240 f e e t )  bgs. The h o l e  was abandoned on A p r i l  24, 1967. 

1 . 3 . 2  WASTE DISPOSAL ACTIVITIES 

The U 3 f i  Waste U n i t  was e s t a b l i s h e d  i n  1970. A  d e t a i l e d  p r e s e n t a t i o n  o f  was te  
d i s p o s a l  a c t i v i t i e s  a t  t h e  U 3 f i  Waste U n i t  can be found  i n  t h e  U 3 f i  Waste U n i t  
C l o s u r e  P lan (DOE, 1995a). The waste u n i t  p r i m a r i l y  r e c e i v e d  LANL s o l  i d  a 
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p o s t s h o t  d r i l l  back waste. The d isposed waste was p r i m a r i l y  p o s t s h o t  d r i l l  back  
" h i g h - g r a d i n g "  wash wa te r  wh ich  was s o l i d i f i e d  w i t h  cement. R a d i o a c t i v e  c o r e s  
f r o m  d r i l l b a c k  o p e r a t i o n s  were a l s o  d isposed i n t o  t h e  u n i t  (DOE, 1995a) .  Core 
samples c o n s i s t e d  o f  mixed f i s s i o n  and a c t i v a t i o n  p r o d u c t s  f r o m  t h e  
s o l  i d i  f i c a t i o n  o f  d e t o n a t i o n  debr i s /me l  t c o l l  e c t e d  d u r i n g  p o s t s h o t  d r i  11 i n g  
a c t i v i t i e s  (DOE, 1995a). The u n i t  was under LANL c o n t r o l  a t  t h e  t i m e  (DOE, 
1995a) .  

I n  1977, c o n t r o l  o f  t h e  U 3 f i  Waste U n i t  was assumed by t h e  A tomic  Energy 
Commission, renamed t h e  Energy Research and Development A d m i n i s t r a t i o n ,  now 
known as t h e  DOE. Waste was genera ted f rom f o u r  a d d i t i o n a l  sources;  Lawrence 
L i v e r m o r e  N a t i o n a l  Labora to ry  (LLNL), t h e  Area 6  D e c o n t a m i n a t i o n  Pad, A rea  12 
Tunne ls ,  and LRY3 which was an u n s p e c i f i e d  g e n e r a t o r  o f  weapons t e s t  p rogram 
waste .  

Documenta t ion  o f  waste d i s p o s a l  a c t i v i t i e s  began i n  1977. The da tabase  was 
e s t a b l i s h e d  and ma in ta ined  by t h e  REECo Defense Waste Management 'Department,  
c u r r e n t l y  t h e  REECo Waste Management Department. I t  had 102 e n t r i e s  between 
January  11, 1977 and November 28, 1988. Access t o  t h e  U 3 f i  Waste U n i t  f r o m  
1977 t o  1989 was ga ined th rough  b o t h  REECo R a d i a t i o n  S a f e t y  and Wackenhut 
S e r v i c e s ,  I n c .  (DOE, 1995a). Copies o f  t h e  waste  d i s p o s a l  documents c a n  be 
found  i n  Appendix C o f  t h e  C losu re  P lan (DOE, 1995a).  

A c c o r d i n g  t o  waste d i s p o s a l  reco rds ,  an e s t i m a t e d  86.34 c u r i e s  w i t h  a  w e i g h t  
o f  1.7 k i l o g r a m s  (3.7 pounds) o f  f i s s i o n  p r o d u c t s  f r o m  d r i l l i n g  a c t i v i t i e s  
were p l a c e d  w i t h i n  t h e  waste u n i t .  I n  a d d i t i o n  t o  t h e  r a d i o a c t i v e  was te  
d e s c r i b e d  i n  t h e  waste d i s p o s a l  records ,  i t  i s  b e l i e v e d  t h a t  chromium f r o m  
d r i l l  i n g  mud and l e a d  f rom p i p e - l u b r i c a n t ,  stemming, and s h i e l d i n g  m a t e r i a l s  
may a l s o  have been d isposed i n t o  t h e  waste u n i t .  Waste was p l a c e d  f r o m  55 
m e t e r s  (180 f e e t )  bgs t o  app rox ima te l y  73 me te rs  (240 f e e t )  bgs.  

1 . 4  SUMMARY OF PRELIMINARY ACTIV IT IES 

The U 3 f i  Waste U n i t  C losu re  P lan  (DOE, 1995a) summarizes t h e  r e s u l t s  o f  s i t e  
c h a r a c t e r i z a t i o n  a c t i v i t i e s  wh ich  i nc luded :  

I n t e r v i e w s  w i t h  NTS employees f a m i l i a r  w i t h  t h e  u n i t  t o  i d e n t i f y  d e t a i l s  
r e g a r d i n g  c o n s t r u c t i o n ,  h i s t o r y ,  and waste i n v e n t o r y  o f  t h e  u n i t ;  

A n a l y t i c a l  r e s u l t s  o f  s o i l  samples taken  from t h e  s o i l  s u r r o u n d i n g  t h e  
u n i t .  Samples were taken  a t  a  s h a l l o w  d e p t h  f o r  r a d i o a c t i v e  and RCRA 
parameters ;  

Sample r e s u l t s  o f  t h e  atmosphere of t h e  u n i t  f o r  gamma e m i t t i n g  
r a d i o n u c l  i d e s  and v o l a t i l e  o r g a n i c  compounds; 

V ideo l o g s  o f  t h e  i n s i d e  of t h e  u n i t  t o  i d e n t i f y  t h e  f o r m  and c o n d i t i o n  
o f  waste l o c a t e d  on t h e  t o p  o f  t h e  waste p l a c e d  i n  t h e  u n i t ;  and 
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A s l a n t  boreho le  i n t e r s e c t e d  t h e  U 3 f i  Waste U n i t  a t  approx imate ly  400 
f e e t .  The boreho le  was used t o  desc r i be  s o i l  c o n d i t i o n s  and t o  c o l l e c t  
s o i l  and s o i l  gas samples. The boreho le  was conver ted  i n t o  a  m o n i t o r i n g  
w e l l  (ER-3-3) t h a t  w i l l  be used f o r  m o n i t o r i n g  s o i l  mo i s tu re .  

S ince  t h e  U 3 f i  Waste U n i t  was c l osed  i n  p lace ,  t h e  waste must be mon i to red  t o  
v e r i f y  t h a t  w e l l  w i l l  no t  impact ground water .  The U 3 f i  Post -Closure P lan 
(DOE, 1995b) d iscusses t h e  pos t - c l osu re  m o n i t o r i n g  program, i n c l u d i n g  t h e  
f requency  and d u r a t i o n  o f  m o n i t o r i n g .  

1.5 SUPPORT DOCUMENTS 

Closure  a c t i v i t i e s  a re  based on t h e  f o l l o w i n g  documents: 

Resource Conservat ion and Recovery Ac t  I n d u s t r i a l  S i t e  Environmental  
R e s t o r a t i o n  Closure Plan, Area 3  U 3 f i  Waste U n i t ,  (DOE, 1995a); 

Desiqn Summary f o r  U 3 f i  Waste U n i t  Drainaqe, (RSN, 1995a); 

Nevada Test S i t e ,  Area 3, U 3 f i  Waste U n i t  RCRA Closure,  Drawing JS-003- 
133-C2 (RSN, 1995b) ; 

Resource Conservat ion and Recoverv Ac t  I n d u s t r i a l  S i t e  Environmental  
R e s t o r a t i o n  Post-Closure Plan, Area 3 U 3 f i  Waste U n i t  (DOE, 1995b); and 

Standard Guide For Decommissioninq o f  Ground Water Wel ls ,  Vadose Zone 
M o n i t o r i n q  Devices, Boreholes,  and Other  Devices For  Environmental  
A c t i v i t i e s ,  Standard D5299-92, (American Soc ie t y  f o r  T e s t i n g  and 
M a t e r i  a1 s  [ASTM] , 1995). 

The ASTM Decommissioning Guide (ASTM, 1995), w h i l e  n o t  r e q u i r e d ,  i s  an 
i n d u s t r y  s tandard f o r  t h e  decommissioning o f  w e l l s  c o n t a i n i n g  hazardous waste. 
It supplements s t a t e  r e g u l a t i o n s  and p rov i des  genera l  c r i t e r i a  f o r  t h e  
s e l e c t i o n  o f  p l ugg ing  m a t e r i a l s .  I t  d e f i n e s  c h a r a c t e r i s t i c s  such as a  
m a t e r i a l ' s  a b i l i t y  t o  remain s t r u c t u r a l l y  sound, t h e  a b i l i t y  o f  m a t e r i a l s  t o  
m a i n t a i n  s e a l i n g  c a p a b i l i t i e s ,  and n o t  r e a c t  w i t h  t h e  waste.  

I n  a d d i t i o n  t o  t h e  p r e v i o u s l y  desc r i bed  documents, severa l  a d d i t i o n a l  
documents were prepared p r i o r  t o  t h e  s t a r t  o f  f i e l d  a c t i v i t i e s  t o  c l o s e  t h e  
u n i t .  

An Environmental ,  Sa fe ty  and Hea l t h  (ES&H) Check1 i s t  f o r  f i e l d  p r o j e c t s  
was f i l l e d  o u t .  Th i s  c h e c k l i s t  p rov ides  an overv iew o f  a  broad range o f  
ES&H issues  t y p i c a l l y  observed a t  a  s i t e .  

A S i t e  S p e c i f i c  Hea l t h  & Sa fe t y  P lan was prepared and approved by t h e  
DOE P r o j e c t  Manager and REECo Hea l t h  P r o t e c t i o n  Department, Occupat iona l  
Safety,  Occupat iona l  Medic ine,  NTS Cons t ruc t i on  and Environmental  
R e s t o r a t i o n  P r o j e c t s  Departments. 
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A Categor ica l  Exc lus ion (CX) was approved on December 22, 1992 t h a t  
covers c l o s u r e  a c t i v i t i e s .  It i n d i c a t e s  t h a t  t h e  proposed a c t i o n  w i l l  
n o t  a f f e c t  any env i ronmenta l l y  s e n s i t i v e  resources i n c l u d i ~ g  c u l t u r a l  
and h i s t o r i c a l  resources, threatened o r  endangered spec ies,  c r i t i c a l  
h a b i t a t s ,  f l o o d p l a i n s  o r  wet1 ands, spec ia l  sources o f  water ,  o r  pr ime 
a g r i c u l t u r a l  land.  The CX a l so  s t a t e s  t h a t  t h e  proposed a c t i v i t y  w i l l  
n o t  v i o l  a t e  any s t a t u t o r y  regu l  a t o r y  o r  pe rm i t  requ i rements .  

A M o b i l i z a t i o n  Check l i s t  was completed t o  f a c i l i t a t e  m o b i l i z a t i o n  
a c t i v i t i e s  t o  t h e  s i t e .  
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FLOOD ASSESSMENT 

2.1 INTRODUCTION 

RCRA r e g u l a t i o n s  r e q u i r e  t h a t  a  f l o o d  assessment be prepared t o  de te rm ine  i f  
e n g i n e e r i n g  c o n t r o l s  need t o  be designed i n t o  t h e  c l o s u r e  t o  p r o t e c t  t h e  waste 
u n i t  f r o m  e r o s i o n  d u r i n g  f l o o d  e3ents.  The r i s k  o f  f l o o d i n g  a s s o c i a t e d  w i t h  
t h e  s i t e  can be e s t a b l i s h e d  by assessing t h e  d ra inage  b a s i n  a s s o c i a t e d  w i t h  a  
s i t e .  By u s i n g  topograph ic  maps and r u n o f f  models, t h e  r i s k  o f  f l o o d i n g  f o r  a  
s p e c i f i e d  r e t u r n  f requency ( f o r  example, a  f l o o d  t h a t  can be expected t o  occur  
on a  s t a t i s t i c a l  average o f  once every  25 years )  and p r e c i p i t a t i o n  d u r a t i o n  
( t h e  l e n g t h  o f  t i m e  o f  a  p r e c i p i t a t i o n  event )  can be developed. 

G e n e r a l l y ,  s u r f a c e  r u n o f f  models a r e  used t o  determine whether a  s i t e  l i e s  
w i t h i n  a  100 y e a r  f l o o d p l a i n .  The des ign  requ i rement  f o r  t h e  U 3 f i  Waste U n i t  
c l o s u r e  i s  t h a t  t h e  cap i s  t o  w i t h s t a n d  a  25 year ,  24 hour  s to rm even t ,  i . e .  a  
s t o r m  c o u l d  s t a t i s t i c a l l y  occur  once every  25 years  w i t h  a  24 hour  d u r a t i o n .  

2.2 RESULTS OF THE FLOOD ASSESSMENT 

A d e t a i l e d  f l o o d  assessment was prepared. The Design Summary f o r  t h e  U 3 f i  
Waste U n i t  Dra inage (RSN, 1995a) can be found i n  Appendix A. The r u n o f f  was 
c a l c u l a t e d  u s i n g  t h e  TR-55 peak d ischarge  method ( C l a r k  County, 1990).  A  
d r a i n a g e  b a s i n  o f  6  square k i l o m e t e r s  (2.3 square m i l e s )  f l o w s  p a s t  t h e  u n i t  
based on t h e  U n i t e d  S t a t e s  Geolog ica l  Survey (USGS) Yucca F l a t  and P a i u t e  
Ridge 7.5 m inu te  t o p o g r a p h i c  quadrangles.  

A  25 y e a r ,  24-hour s to rm i s  c a l c u l a t e d  t o  generate  5.08 c e n t i m e t e r s  (2  i n c h e s )  
o f  p r e c i p i t a t i o n  d ischarged  i n t o  t h e  dra inage bas in .  Using t h e  TR-55 peak 
d i s c h a r g e  method, a  f l o w  o f  0.39 c u b i c  meters p e r  second (13.74 c u b i c  f e e t  p e r  
second) c o u l d  pass th rough  t h e  U 3 f i  Waste U n i t .  The e s t i m a t e d  dep th  f o r  t h i s  
f l o w  i s  0.36 c e n t i m e t e r s  (0.14 inches)  a t  a  v e l o c i t y  o f  0.15 meters  p e r  second 
(0 .48 f e e t  p e r  second).  Review o f  t h e  n a t i v e  s o i l  s t r u c t u r e  i n d i c a t e s  t h a t  
t h i s  v e l o c i t y  i s  i n s u f f i c i e n t  t o  cause e ros ion .  The U 3 f i  Waste U n i t  cap was 
des igned  so t h a t  any water  runn ing  across t h e  waste u n i t  w i l l  be d i r e c t e d  away 
f r o m  t h e  u n i t  (USGS, 1983, a ,b) .  

The f l o o d  assessment a l s o  cons idered t h e  a f f e c t s  o f  a  100 y e a r  s to rm e v e n t .  
The a n a l y s i s  i n d i c a t e s  t h a t  a  25 y e a r ,  24 hour s torm event  i s  l a r g e r  t h a n  a  
100 y e a r ,  6-hour s t o r m  event .  S ince t h e  f l o w  depth f o r  t h e  25 y e a r ,  24-hour 
s t o r m  even t  i s  l e s s  than  0.31 meters (1 f o o t )  i t  i s  u n l i k e l y  t h a t  t h e  U 3 f i  
Waste U n i t  i s  l o c a t e d  w i t h i n  t h e  100 y e a r  f l o o d p l a i n .  
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2.3 DESIGN CRITERIA SELECTED 

Both t h e  U 3 f i  Waste U n i t  and t h e  ER 3-3 M o n i t o r i n g  We1 1  comp le t ion  pads a r e  
e l e v a t e d  7.62 cen t ime te rs  (3  i nches)  above ground sur face.  The c o n c r e t e  pad 
i s  s l o p e d  away from each u n i t .  T h i s  des ign p reven ts  t h e  p o s s i b i l i t y  o f  any 
pond ing  i n  t h e  v i c i n i t y  o f  e i t h e r  t h e  U 3 f i  Waste U n i t  o r  M o n i t o r i n g  Wel l  ER-3- 
3. 
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CLOSURE ACTI PITIES 

3 . 1  APPROACH 

R e s u l t s  o f  t h e  d r i l l i n g  program c h a r a c t e r i z a t i o n  i n d i c a t e d  t h a t  s o i l  
s u r r o u n d i n g  t h e  U 3 f i  Waste U n i t  was n o t  s i g n i f i c a n t l y  impacted (DOE, 1995a) .  
A n a l y t i c a l  d a t a  i n d i c a t e d  t h a t  s o i l s  around t h e  w e l l  head and s u b s u r f a c e  s o i l  
had c o n c e n t r a t i o n s  below Regu la to ry  A c t i o n  L e v e l s .  T h e r e f o r e ,  r e m e d i a t i o n  o f  
t h e  s u r f a c e  o r  subsurface s o i l  w i t h i n  t h e  v i c i n i t y  o f  t h e  U 3 f i  Waste U n i t  was 
n o t  r e q u i r e d .  

3 . 2  CLOSURE PLAN AND DESIGN 

Based upon t h e  f i n d i n g s  o f  t h e  d r i l l i n g  c h a r a c t e r i z a t i o n  program, a  c l o s u r e  
p l a n  was p repared  and submi t ted  t o  t h e  NDEP f o r  concur rence  and a p p r o v a l .  The 
c l o s u r e  p l a n  p r o v i d e d  a  d e s i g n  f o r  p l u g g i n g  t h e  waste  u n i t  by  u s i n g  e x p a n d i n g  
cement g r o u t  and sand. I n  a d d i t i o n ,  t h e  p l a n  i n c l u d e d  t h e  i n s t a l l a t i o n  o f  a  
w e l l  t o  m o n i t o r  s o i l  m o i s t u r e  (DOE, 1995a). 

The c l o s u r e  d e s i g n  f o r  t h e  U 3 f i  Waste U n i t  was deve loped  based upon t h e  
c o n d i t i o n s  i d e n t i f i e d  i n  t h e  u n i t  c h a r a c t e r i z a t i o n  and r e q u i r e m e n t s  f o u n d  i n  
t h e  ASTM gu idance document on t h e  decommissioning o f  w e l l s  and b o r e h o l e s  
(ASTM, 1995).  The ASTM document p r o v i d e d  a  number o f  c r i t e r i a  on c h o o s i n g  
p l u g g i n g  m a t e r i a l s  so t h a t  t h e  m a t e r i a l  per formed w i t h o u t  a d v e r s e l y  r e a c t i n g  
w i t h  t h e  waste, o r  caused a  pathway t o  deve lop so t h a t  waste  c o u l d  move i f  
m o b i l i z e d  by  a  l i q u i d  (such as wa te r ) .  

The methodo logy f o r  u n i t  c l o s u r e  as p r o v i d e d  t o  t h e  NDEP i n  t h e  C l o s u r e  P l a n  
(DOE, 1995a) i s  summarized below: 

P r o v i d e  equipment f o r  decommissioning t h e  w e l l  from t h e  s u r f a c e  
i n c l u d i n g  a  d u s t  c o l l e c t i o n / c o n t r o l  system f o r  t h e  p lacement  o f  sand. 
T h i s  system i s  designed t o  reduce t h e  volume o f  d u s t  r e l e a s e d  f r o m  t h e  
u n i t  d u r i n g  sand placement. Downhole equipment (such as a  t remmie )  i s  
n o t  r e q u i r e d .  

P l u g g i n g  o f  t h e  w e l l  u s i n g  a  base sand p l u g  o f  a p p r o x i m a t e l y  f i v e  f e e t  
o f  stemming sand ( a  volume o f  3.82 t o  19.12 c u b i c  me te rs  [ 5  t o  25 c u b i c  
y a r d s ] ) .  The sand i s  p laced  on t o p  o f  t h e  was te .  A f t e r  sand p lacemen t ,  
t h e  dep th  o f  t h e  h o l e  i s  tagged i n  seve ra l  l o c a t i o n s  u s i n g  a  w i r e l i , n e .  

The a d d i t i o n  o f  a  base cement g r o u t  p l u g  t h a t  has a  t h i c k n e s s  o f  0 . 9 1  
me te rs  (3 f e e t )  o f  expanding cement g r o u t  ( a  volume o f  2.4 c u b i c  m e t e r s  
[3.14. c u b i c  y a r d s ] )  i s  p laced  on t o p  o f  t h e  sand. A f t e r  p l a c i n g  t h e  
g r o u t ,  t h e  dep th  o f  t h e  h o l e  i s  t o  be tagged u s i n g  a  w i r e l i n e .  
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A bot tom g r o u t  cement p l u g  i s  r equ i r ed  t o  p reven t  t h e  m a t e r i a l  p laced  
i n t o  U 3 f i  d u r i n g  t h e  c l osu re  f rom compressing t h e  u n d e r l y i n g  waste. The 
cement g r o u t  p l u g  c a l c u l a t i o n s  a re  found i n  Appendix B. 

Wa i t  a  minimum o f  24 hours f o r  s u f f i c i e n t  g rou t  s t r e n g t h  t o  be reached. 
The t o p  o f  t h e  cement g r o u t  i s  again  tagged w i t h  t h e  w i r e l i n e .  The 24 
hou r  p e r i o d  a l l ows  t h e  cement g r o u t  t o  p r o p e r l y  s e t  and t h e r e f o r e  
suppor t  t h e  m a t e r i a l  t o  be p laced above t h e  g rou t .  

A f t e r  t h e  dep th  t o  t h e  t o p  o f  t h e  expanding cement g r o u t  i s  measured, an 
a d d i t i o n a l  p l u g  o f  expanding cement g r o u t  i s  added. The t h i ckness  o f  
t h i s  p l u g  i s  between 2.13 t o  3.05 meters (7  t o  10 f e e t ) .  Th i s  i s  a  
volume o f  5.6 t o  8.01 cub ic  meters C7.33 t o  10.47 cub i c  y a r d s ] ) .  The 
t o p  o f  t h e  second g r o u t  p l ug  j s  then tagged w i t h  t h e  w i r e l i n e .  Th i s  
w i l l  b r i n g  t h e  t o p  o f  t h e  m a t e r i a l  t o  a  depth o f  50.29 t o  49.38 meters 
(165 t o  162 f e e t )  f rom t h e  sur face  o f  t h e  u n i t .  

Wait  a  minimum o f  48 hours f o r  t h e  m a t e r i a l  t o  reach s t r e n g t h .  Again 
t a g  t h e  t o p  o f  t h e  cement p l u g  w i t h  t h e  w i r e l i n e .  P lug t h e  w e l l  us ing  
stemming sand f rom t h e  t o p  o f  t h e  cement p l ug  t o  a  dep th  o f  15.85 meters 
(52 f e e t ) .  T h i s  i s  an approximate volume o f  88.073 c u b i c  meters (115.19 
c u b i c  ya rds )  o f  m a t e r i a l .  To v e r i f y  t h a t  t h e  f i l l  i s  r i s i n g  accord ing 
t o  c a l c u l a t i o n s ,  t h e  t o p  o f  t h e  sand l a y e r  i s  t o  be tagged us i ng  t h e  
w i r e 1  i n e  a f t e r  each t r u c k  l oad  i s  discharged. The t o p  o f  t h e  f i n a l  sand 
placement i s  a l s o  tagged. 

P lace  t h e  upper expanding cement g rou t  p l u g  f rom 15.85 meters (52 f e e t )  
t o  grade. 

P r i o r  t o  b r i n g i n g  t h e  f i n a l  pour o f  g r o u t  t o  t h e  su r face ,  b u i l d  a  form 
around t h e  w e l l  f o r  t h e  pad. Pour t he  f i n a l  p l u g  and t h e  pad. 

The Area 3  U 3 f i  Waste U n i t  C losure Plan was submi t ted t o  t h e  NDEP i n  June 
1995. 

CLOSURE ACTIVITIES 

The Area 3  U 3 f i  Waste U n i t  Closure P lan was approved by t h e  NDEP on August 28, 
1995. The DOE Subpro jec t  Task Manager au thor i zed  c l o s u r e  work t o  beg in  on 
August 28. C losure  a c t i v i t i e s  are summarized i n  Table 1. 

A  d e t a i l e d  d e s c r i p t i o n  o f  t h e  c l osu re  a c t i v i t y  i s  p rov ided  below. A  copy o f  
t h e  c l o s u r e  manager's d a i l y  f i e l d  notes and d a i l y  r e p o r t s  a r e  found i n  
Appendix C .  The Independent Engineer 's D a i l y  R ig  Opera t ing  Repor ts  can be 
fouhd i n  Appendix D. 
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TABLE 1 - SUIVMRY OF CLOSURE ACTIVITIES 
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Mobi 1 i ze t o  s i t e  

Start c losure a c t i v i t i e s  

Placement o f  base sand p lug  

Placement o f  base cement g rou t  
PI Ug 

Design o f  expanding cement grout  
p l  ug and i n s t a l  1 a t i  on 

Placement o f  i n e r t  sand p lug  

Placement o f  upper cement grout  
PI Ug 

Placement o f  monument and 
compl e t i  on o f  pad 

Demobi 1 i ze 
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Mobi 1 i zed  dust c o l l e c t i o n  system, generator,  i n s t a l  l ed  
secu r i t y  fencing, and c u t  holes i n  t h e  U3 f i  cover f o r  
equipment access, safety,  and envi ronmental con t ro l  . 

Held p r e - p r o j e c t  S i t e  Spec i f i c  Health & Safety Meeting 

Poured 4.25 cubic meters (5.56 cubic yards)  o f  20140 
sand. Created a 2.13 meter (7 f o o t )  p lug .  

Poured 3.06 cubic meters (4  cubic yards)  o f  expanding 
cement grout  t o  form a 1.83 meter (6  f o o t )  base p lug.  

Poured 9.17 cubic meters (12 cubic yards)  o f  expanding 
cement grout  t o  form a 3.05 meter (10 f o o t )  p lug .  

Poured 80.56 cubic meters (105.37 cubic yards)  o f  NTS 
stemming sand t o  form a stemming sand column o f  32.61 
meters (107 f e e t ) .  

Poured 41.29 cubic meters (54 cubic yards)  o f  
expanding cement grout  and 6.12 cubic meters (8  cubic 
yards)  of concrete t o  form a f i n a l  cement/concrete 
p l  ug col  umn o f  15.54 meters (51  f e e t ) .  

Placed monument i n  center of t h e  U3f i  emplacement 
ho le .  Poured 6.88 cubic meters (9 cub ic  yards)  o f  
concrete f o r  pad. 

Demobi 1 i zed dust c o l  1 e c t i  on system and generator from 
s i t e  
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3.3.1 Mobilization Activities 

The f o l l o w i n g  a c t i v i t i e s  were comple ted p r i o r  t o  t h e  approva l  o f  t h e  C l o s u r e  
P l a n  by  t h e  NDEP. The schedule  a l l o w e d  a p p r o x i m a t e l y  30 days t o  comp le te  t h e  
c l o s u r e  ( b y  September 30, 1995). T h i s  r e q u i r e d  t h a t  t h e  f o l l o w i n g  a c t i v i t i e s  
be done p r i o r  t o  approva l  o f  t h e  p l a n .  

P r e p a r i n g  t h e  expansive cement g r o u t  m i x t u r e  and m i x i n g  t h e  d r y  
components; 

D r y i n g  t h e  stemming sand; 

O r d e r i n g  f e n c i n g  m a t e r i  a1 ; 

P r e p a r i n g  d u s t  abatement equipment f o r  use a t  t h e  u n i t ;  and 

Schedu l ing  manpower f o r  t h e  a c t i v i t y .  

A c t u a l  m o b i l i z a t i o n  a c t i v i t i e s  t o  t h e  s i t e  began on September 5, 1995. T h i s  
c o n s i s t e d  o f  s e t t i n g  up t h e  f o l l o w i n g :  

E s t a b l i s h i n g  an e x c l u s i o n  zone around t h e  w e l l  s i t e ;  

E r e c t i n g  a  fence  f o r  s i t e  c o n t r o l ;  

M o b i l i z i n g  t h e  d u s t  abatement s y s t e m a n d  a  g e n e r a t o r  t o  t h e  s i t e ;  

M o d i f y i n g  t h e  e x i s t i n g  U 3 f i  cover  p l a t e  t o  a l l o w  i n s e r t i o n  o f  t h e  d u s t  
c o n t r o l  and w i r e l i n e  t a g g i n g  equipment so t h a t  t h e  c o v e r  d i d  n o t  have t o  
be removed. Dust c o n t r o l  was accompl ished by c u t t i n g  h o l e s  i n t o  t h e  
c o v e r  p l a t e  f o r  i n s e r t i o n  o f  t h e  d u s t  abatement equipment.  T h i s  was 
done as t h e  open 188 c e n t i m e t e r s  (74 i n c h )  d i a m e t e r  h o l e  i s  c o n s i d e r e d  a  
s a f e t y  hazard; and 

Removing o f  d e b r i s  i n s i d e  and around t h e  e x c l u s i o n  zone. 

3.3.2  Plugging Activities 

The i n i t i a l  p l u g g i n g  a c t i v i t i e s  began on September 6, 1995 w i t h  t h e  placement 
o f  a p p r o x i m a t e l y  4.20 c u b i c  me te rs  (5.5 c u b i c  y a r d s )  o f  20140 stemming sand. 
The sand was p laced  i n t o  t h e  w e l l  under p r e s s u r e  u s i n g  a  h i g h  p r e s s u r e  hose. 
The hose extended a p p r o x i m a t e l y  t h r e e  mete rs  (10 f e e t )  i n t o  t h e  w e l l .  The 
l a r g e  d i a m e t e r  o f  t h e  w e l l  c a s i n g  w i t h  a  minimum d i a m e t e r  o f  188 c e n t i m e t e r s  
(74  i n c h e s )  a l l o w e d  f o r  t h e  use o f  t h i s  equipment (and l a t e r  a l s o  f o r  t h e  f r e e  
f a l l  o f  t h e  expanding cement g r o u t ) .  Free f a l l  was used as b r i d g i n g  o f  
d i s c h a r g e d  p l u g g i n g  m a t e r i a l s  w i t h i n  t h e  l a r g e  d i a m e t e r  c a s i n g  had a  v e r y  l o w  
p r o b a b i l i t y  o f  o c c u r r i n g .  
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The d u s t  c o l l e c t i o n  system wh ich  opera ted  d u r i n g  t h e  sand placement worked 
w e l l .  There were no r e l e a s e s  o f  d u s t  f r o m  t h e  w e l l .  

Tagging i n d i c a t e d  a  r i s e  o f  o n l y  0.31 mete rs  ( 1  f o o t )  i n  t h e  w e l l .  T h i s  was 
a t t r i b u t e d  t o  t h e  sand f i l l i n g  i n t e r s t i t i a l  spaces w i t h i n  t h e  l o o s e l y  packed 
waste b e f o r e  f i l l i n g  t h e  w e l l .  An a d d i t i o n a l  4.20 c u b i c  meters  (5.5 c u b i c  
y a r d s )  o f  20140 sand was t h e n  p l a c e d  i n t o  t h e  h o l e .  Tagg ing showed a  d e p t h  t o  
t h e  t o p  o f  t h e  sand a t  53.73 mete rs  (173 f e e t ) .  A  t o t a l  volume o f  8 .41 c u b i c  
meters  ( 1 1  c u b i c  ya rds )  o f  sand were r e q u i r e d  t o  produce a  sand bedd ing p l u g  
of  2.13 meters  ( 7  f e e t ) .  Dry  m a t e r i a l s  b a t c h  w e i g h t  c e r t i f i c a t i o n s  and 
m a t e r i a l  w e i g h t  sheets  a r e  l o c a t e d  i n  Appendix E. 

G r o u t i n g  o p e r a t i o n s  t o  p l a c e  t h e  base cement g r o u t  p l u g  began immed ia te l y  
f o l l o w i n g  placement o f  t h e  sand bedd ing p l u g  w i t h  p lacement  o f  3.06 c u b i c  
me te rs  ( 4  c u b i c  y a r d s )  o f  expanding cement g r o u t .  The cement g r o u t  was p l a c e d  
i n t o  t h e  w e l l  by back ing  up t h e  cement t r u c k  t o  t h e  edge o f  t h e  w e l l  and 
a l l o w i n g  t h e  cement t o  f r e e  f a l l  t o  t h e  base o f  t h e  we1 1 .  Tagging i n d i c a t e d  
t h e  dep th  t o  t h e  t o p  o f  t h e  g r o u t  was 51.21 mete rs  (168 f e e t )  e q u i v a l e n t  t o  a  
g r o u t  t h i c k n e s s  o f  1.52 meters ( 5  f e e t ) .  Samples o f  t h e  expanding cement 
g r o u t  were taken  f o r  t e s t i n g .  M a t e r i a l  t e s t i n g  r e s u l t s  a r e  found i n  Appendix 
F .  

The g r o u t  was a l l owed  t o  s e t  f o r  24 hours  b e f o r e  t h e  a d d i t i o n  o f  more g r o u t .  
An a d d i t i o n a l  9.18 c u b i c  meters  (12 c u b i c  y a r d s )  o f  g r o u t  was poured on 
September 7, 1995. The dep th  t o  t h e  t o p  o f  t h e  g r o u t  was tagged a t  48.16 
mete rs  (158 f e e t ) .  T h i s  formed a  p l u g  o f  expanding cement g r o u t  c o n t a i n i n g  
12.23 c u b i c  meters  (16 c u b i c  y a r d s )  o f  g r o u t ,  o r  a  p l u g  t h a t  i s  4.57 mete rs  
(15 f e e t )  i n  t h i c k n e s s .  

. . The m a t e r i a l  was a l l owed  t o  c o n t i n u e  t o  s e t  and any f a l l b a c k  was measured by 
t a g g i n g  t h e  t o p  o f  t h e  m a t e r i a l  aga in  a f t e r  72 hours .  The t o p  o f  t h e  g r o u t  
was measured a t  48.16 meters  (158 f e e t )  i n d i c a t i n g  t h a t  f a l l b a c k  had n o t  
occu r red .  F a l l b a c k  i s  caused by  a  l o s s  o f  m a t e r i a l  i n t o  t h e  f o r m a t i o n  
( u n l i k e l y  i n  t h i ' s  s i t u a t i o n ) ,  o r  i n t o  t h e  waste,  o r  f r o m  s h r i n k a g e  of t h e  
g r o u t .  The l a t t e r  c o u l d  cause a  p r e f e r e n t i a l  pathway f o r  mo i -s tu re  t o  move 
i n t o  t h e .  waste. 

NTS f i n e  stemming sand was p l a c e d  above t h e  g r o u t  base p l u g .  T h i s  a c t i v i t y  
began on September 11, 1995 and was completed on September 13, 1995. The sand 
was p l a c e d  i n t o  t h e  w e l l  i n  a  s i m i l a r  manner as t h e  i n i t i a l  sand pour .  A 
volume o f  82.28 c u b i c  meters  (105 c u b i c  y a r d s )  o f  m a t e r i a l  was p l a c e d  i n t o  t h e  
w e l l .  The t o p  o f  t h e  sand was tagged a t  15.54 mete rs  ( 5 1  f e e t ) .  T h i s  
r e s u l t e d  i n  a  t o t a l  sand t h i c k n e s s  o f  32.61 m e t e r s  (107 f e e t ) .  

The upper expanding cement g r o u t  p l u g  was poured on September 13, 1995 w i t h  
4.1.29 c u b i c  meters  (54 c u b i c  y a r d s )  o f  expanding g r o u t  p l a c e d  i n t o  t h e  w e l l .  
The t o p  o f  t h e  g r o u t  was tagged a t  1.83 mete rs  ( 6  f e e t ) .  The upper  cement 
g r o u t  p l u g  has a  t h i c k n e s s  o f  13.72 meters  (45 f e e t ) .  
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The c l o s u r e  design was modified on September 14, 1995 by a  r ep resen ta t ive  of 
t h e  remedi a t i  on p ro jec t  manager, t he  cons t ruc tor ,  and inspect ion engineer .  
Ins tead  of using t h e  expanding cement grout  mix, ready mix concrete  was used 
t o  complete t h e  we1 1 c losure  and cons t ruc t  t h e  pad. This change reduced 
c l o s u r e  c o s t s  without reducing c losure  spec i f i ca t ions .  Concrete i s  a  more 
durable  material  f o r  pad construct ion than cement. Approximately 6.12 cubic 
meters ( 8  cubic yards)  of ready mix concrete  were poured i n t o  t h e  well t o  a  
depth of 0.15 meters (0 .5  f e e t )  bgs. 

A second small change was made t o  the  s i z e  of t h e  survey monument. Instead of 
cons t ruc t ing  a  monument, an ava i lab le  pre-cast  monument was used. The change 
r e s u l t e d  in  a  l a r g e r  monument than in t h e  design.  The survey monument was 
placed approximately in the  center  of t h e  closed U3fi wel l .  

A 4.57 meter (15 f e e t )  square form was constructed around t h e  well head. Once 
t h i s  a c t i v i t y  was completed, 6.88 cubic meters (9  cubic yards)  of concre te  was 
poured i n t o  t h e  well and t h e  pre pad form t o  complete the  f i n a l  cap and pad. 

3.3.3 S i t e  Cleanup, Grading and Fencing A c t i v i t i e s  

Between September 18, 1995 and September 27, 1995, t h e  area around t h e  pad was 
f i l l e d  with c lean  f i l l  mater ial  and road chips .  This material  was compacted 
and graded t o  a  4 : l  s lope .  A 2.44 meter (8  f e e t )  high chain l i n k  fence with a  
6.10 meter (20 f o o t )  wide double swing ga te  was i n s t a l l e d  around both t h e  U3fi 
Waste Unit and Monitoring Well ER 3-3. The loca t ion  of t h e  U3fi monument was 
surveyed and a brass  survey marker i n s t a l l e d .  Signs indica t ing  t h a t  t h e  
f a c i l i t y  i s  a  RCRA Unit were placed on the  fence on September 28, 1995. 

All requirements  f o r  t he  c losu re  of t h e  uni t  were met on September 28, 1995 
and t h e  U3fi Waste Unit was closed.  

The a s - b u i l t  drawings f o r  t h e  U3fi Waste Unit c losure  a re  provided a s  Figures 
3 through 6. Figure 4 S i t e  PlanlSurvey Plat  provides t h e  survey l o c a t i o n s  f o r  
t h e  U3fi monument and t h e  E R  3-3 monitoring wel l .  

3.3 .4  'Changes Made To The Closure Design 

Four minor changes were made between t h e  c losure  design and the  ac tua l  c losu re  
of t h e  u n i t .  These a r e  indicated in Table 2. These changes do not negat ive ly  
impact t h e  c losu re  and in a  number of ins tances  improve the  performance of t h e  
mater ia l  placed i n t o  the  we l l .  

UNCONTROLLED When Printed



TABLE 2 - MODIFICATIONS MADE TO THE CLOSURE DESIGN 

cement grout t o  

Concrete i s  a  more durable  material 
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4 . 1  CERTIFICATION BY THE DEPARTMENT OF ENERGY/NEVADA OPERATIONS OFFICE 

I c e r t i f y  under  p e n a l t y  o f  l a w  t h a t  t h e  U 3 f i  Waste U n i t  l o c a t e d  i n  Area 3 a t  
t h e  Nevada Tes t  S i t e  has been c losed  i n  accordance w i t h  t h e  approved Resource 
Conserva t ion  And Recoverv Ac t ,  I n d u s t r i a l  S i t e  Environmental  R e s t o r a t i o n  
C l o s u r e  P lan ,  Area 3 U 3 f i  Waste U n i t ,  dated June 1995 and t h e  Permi t  f o r  a 
Hazardous Waste Manaqement F a c i l i t v  Number NEV HW009, U n i t e d  S t a t e s  Department 
o f  Enerqv, Nevada Opera t ions  O f f i c e ,  Nevada Tes t  S i t e ,  I . D .  Number 
NV3890090001, da ted  March 27, 1995. A l l  measures r e q u i r e d  i n  t h e  C losure  P l a n  
and t h e  app l  i cab1 e Resource Conservat ion and Recovery Act  42 U. S. C .  56901- 
69911 and 40 CFR, P a r t s  260-268 have been f u l l y  implemented and t h a t  t o  t h e  
b e s t  o f  my knowledge, no v i o l a t i o n s  e x i s t .  

0 2 2 ,  /932- 
Date 

DOE Nevada Opera t ions  O f f i c e  
Post  O f f i c e  Box 98518 
Las Vegas, NV 89193-8518 
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4.2 CERTIFICATION OF CLOSURE BY THE INDEPENDENT PROFESSIONAL ENGINEER 

I, Kenneth C .  Beach, Jr.,  a  r e g i s t e r e d  Pro fess iona l  Engineer, hereby s t a t e  
t h a t  I have rev iewed t h e  Closure P lan f o r  c l o s u r e  o f  t h e  Area 3  U 3 f i  Waste 
U n i t  l o c a t e d  a t  t h e  Nevada Test  S i t e  and am f a m i l i a r  w i t h  t h e  r u l e s  and 
r e g u l a t i o n s  o f  T i t l e  40 CFR 9265.310 p e r t a i n i n g  t o  t h e  c l o s u r e  o f  such a  
f a c i l i t y .  The c l o s u r e  o f  t h i s  f a c i l i t y  has been performed i n  compl iance w i t h  
t h e  Resource Conserva t ion  And Recovery Act ,  I n d u s t r i a l  S i t e  Environmental  
R e s t o r a t i o n  C losure  Plan, Area 3  U 3 f i  Waste U n i t  dated June 1995 approved by 
t h e  Nevada D i v i s i o n  o f  Environmental  P ro tec t i on ,  and t h e  Permi t  f o r  a  
Hazardous Waste Manaqement F a c i l i t y  Number NEV HW009. Un i t ed  S ta tes  Department 
o f  Enerqy, Nevada Opera t ions  O f f i c e ,  Nevada Test  S i t e ,  I .D .  Number 
NV3890090001, da ted  March 27, 1995. 

1 5 ,  C - J ~  
Kenneth C.  Beach. J r .  ' 
New Mexico ~ r o f e s s i  onal  Engineer 

I T  C o r p o r a t i o n  
4330 S. V a l l e y  View, # I14  
Las Vegas, NV 89103 
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DESIGN SUMMARY 
for 

U3fi WASTE UNIT DRAINAGE 

SCOPE 

The scope of this document is to  provide positive drainage of the area around the 
waste unit t o  prevent precipitation and runon from ponding at the waste unit and 
nearby monitoring well ER3-3. 

REFERENCES 

1. lternational Technoloqies Cor~oration, Letter t o  J. L. Appenzeller-Wing (DOE), 
Dated June 19, 1995. 

2. Clark Countv Reqional Flood Control District Hvdroloaic Criteria and Drainaqe 
Desian Manual, October 1990. 

3. 40 CFR 264. 

CRITERIA 

The closure cap must prevent wash-out of the waste from a 25 year, 24 hour 
storm event. 

DISCUSSION 

'The top of the waste zone is approximately 180 feet (54.86m) from the surface 
and the unit is planned t o  be closed by stemming t o  the surface with inert materials 
(expanding grout and sand) and a grout pad placed at the top that will be sloped t o  
prevent ponding. 

A visit to  the site t o  investigate local drainage indicated that the surrounding grades 
are such that nuisance water from precipitation and runon will not pond at the 
waste unit or the monitoring well. 

The drainage area impacting the unit was determined using USGS quadrangles, and 
divided into three subareas based on the pattern of intermittant streams within the 
drainage area. The TR-55 peak discharge method was then used to determine the 
discharge due to the 25 year, 24 hour storm event (see attached calcs). 

RESULTS 
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The calculated peak discharge is 88.4 CFS in a measured f low width of 2707 feet. 
Using the modified mannings equation for shallow rectangular flow, the calculated 
depth of runon impacting the waste unit is less than 1 inch at a velocity of less 
than 1 foot per second. 

As the discharge for the 25, 24 event is larger than the 100 year, 6 hour event, 
and the f low depth for the 25, 24  event is less than 1 foot, then it is reasonable t o  
assume that the unit is not in a 100 year floodplain. 

Also, since the velocity is less than the clear water scour for the native soils, 
erosion at the cap is unlikely, and providing a sloped cap to  prevent ponding is 
adequate. 
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Chapter 2: Estimating runoff 

SCS Runoff Curve Number method Factors considered in determining 
runoff curve numbers 

The SCS Runoff Curve Number (CN) method is 
described in detail in NEH-4 (SCS 1985). The SCS The major factors that deternine CN are the 
-runoff equation is hydrologic soil group (HSG), cover type, treatment, 

hydrologic condition, and antecedent runoff condition 
(ARC). Another factor considered is whether 

(P  - 1 8  Q = L E ~ .  2-11 impervious areas outlet directly to the clrainage 
(P - 13 + s system (connected) or whether the flow spreads over 

pervious areas before entering the drainage system 
where (unconnected). Figui'e 2-2 is provided to aid in 

selecting the appropriate -figure or table for 
Q = runoff (in). deteminihg curve numbers. 
P = rainfall (in), 
S = potential maximum retention after runoff 

begins (in), ant1 
I, = initial abstraction (in). 

Initial abstraction ( Id  is all losses before runoff 
begins. I t  i~lcludes water retained in surface 
depressions, water intercepted by vegetation, 
evaporation, and infiltration. I, is highly variable but 
generally is correlated with soil and cover 
parameters. Through studies of many small 
agricultural watersheds, I, was found to be 
approximated by the following empi r id  equation: 

1, = 0%. [Eq. 2-21 

By removing 1, as an independent parameter, this 
approximation allows use of a combination of S and P 
to pr-oduce a unique l-unoff amount. Substituting 
equation 2-2 into equation 2-1 gives 

CN's in table 2-2 (a  to 0 represent average 
antecedent runoff condition for urban, cultivated 
agricultural, other agricultural. and arid and semiarid 
rangeland uses. Table 2-2 assumes impervious areas 
are directly connected. The following sections explain 
how to determine CN's and how to modify them for 
urban conditions. 

Hydrologic soil groups 

Infiltration rates of soils vary widely and are affected 
by subsurface permeability as well as surface intake 
rates. Soils are classified into four HSG's (A, B, C, 
and D) amn-ling to their minimum infiltration rate, 
which is obkined for bare soil after prolonged 
wetting. Appendix A defines the four groups and 
provides a list of most of the  soils in the United 
States and their group classification. The soils in the 
area of interest may be identified from a soil survey 
report, which can be obtained from local SCS offices 
or soil and water conservation district ofices. 

Most urban areas alee only partially covered by S is related to the soil and cover conditions of the 
impervious surfaces: the soil remains an important watershed through the CN. CN has a range of 0 to 
factor in runoff estimates. Urbanization has a greater 100, and S is related to CN by 
effect on runoff in watersheds with soils having high 

1 ow infiltration r ~ t e s  (sands and gravels) than in 
S = - - 10. [Eq. 2-41 watersheds predominantly of silts and clays, which 

CN generally have low infiltration rates. 
Figure 3-1 and table 2-1 solve equations 2-3 and 2 4  
for a range of CN's and rainfall. Any disturbance of a soil profile can significantly 

change its infiltration characteristics. With 
urbanization, native soil profiles may be mixed or 
removed or fill material from other areas may be 
intt.oduced. Therefore. a method based on soil 

(210-VI-TR-55, Second Ed.. June 1986) 9. 
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texture is given in appendix A for determining the 
HSG classification for disturbed soils. 

Cover type 

Table 2-2 addresses most cover types, such 
vegetation, bare soil, and impervious SUI-faces. There 
are a number of methods for determining cover type. 
The most common are field reconnaissance, aerial 
photographs. and land use maps. 

Treatment 

I lydmlo~ic  condition 

Hydtvlogic cottditiotr intlicates the effects of cover 
type and t reutnle~~t  on i~lfiltnltio~l ;u~tl n111off ant1 is 
generally estimi~tecl f~wnl density of pliult atid resitlae 
cover on sunple ill.e;\s. Gmd hy(l1'010gc co~l(litio~l 
int1ir:ltes that the soil usu;~lly hiti a low 1~11loff 
~wtential for that sl)er.ific hytll-ologic soil p u p .  rvuer 
type. ant1 treatnlent. Some filctol-s to consitler ill 

estimating the effect of  cover on infiltmtion ant1 
~unoff are (a) cilnopy or density of In~\.ns, CI-ops. or 
other vegetative itI.ei6; (b) amount of year-I-ounrl . 
cover; (c) amount of q - ~ w  or close-seecled legumes in 
I-otations; [( I )  pel-cent of resitlt~e cover: and (e) degree 
of SUI-face ~-ougllness. 

T r e a t ~ n a ~ t  is a cover type modifier (used only in 
table 2-2b) to describe the management of cultivated 
agricultural lands. I t  includes mechanical practices, 
such as contouring and terracing, and management 
practices, such as crop rotations and reduced or no 
tillage. 

Table 2-1.-RunofT depth for selected CN's ilntl r . ~ i r i f ; ~ l l  amounts' 

-- - 

RunoB depth for c u n e  number of- 

----------------------------- iptc/~es ------------ --------------------------------------- 
1.0 0.W 0.00 0.00 0.00 0.W 0.W) 0.00 0 . 0  I .  lJ.17 0.32 J 0.79 
1.2 .U .oO .OO .OO .00 .(XI .0.3 .0 i  .1.5 .- 'Ji . -46 .74 3 4  
1.4 .00 .00 .W .OO .(X) .W .(Ki ,113 2.1 .::!) .ti 1 . 1.1s 
1.6 .00 .00 .U .00 .0 1 .05 .ll .20 .:Y . -32 .;ti 1.11 1 . 3  
1.8 . W .UO .U .OO .03 . WJ .I7 .-. '*I .14 .I;; 1 . 9  1 . 2  
2.0 .00 .W .00 .02 .Oti .14 24 ..I9 .5fi .F10 1 1.48 1.77 
2.5 .00 .00 .02 .08 .li .30 .4li .1i5 . 1 . lS.  13.7 1.Wi 2.27 
3.0 .U -02 .Og .19 .a .5 1 . i 1 .I)!; 1 . 5  I !  1.98 2.46 2.77 
3.5 .M . .20 .35 .53 . is  1 . ~ 1  1.:10 1-14 2.02 2.4.5 2 : ~ i  
4 .O -06 .18 .33 . . i f  1.03 1 1 .  2.IN 2.4fi 2-92 3.43 :?.77 
4.5 .14 .30 .50 -7.1 1.02 1 .  1 2 . 3  4 1 3.411 3.9'2 4.21; 
5.0 -24 .44 .69 .98 1.30. 1.65 2.04 2.43 2.Y!1 7 3 .  4.42 4.7fi 
6.0 .x -80 1.14 1.52 1.92 3 2.81 3.2s i -!.::U 4.85 4 .5.7li 
7.0 .&I 1.24 1.68 2.12 2.60 1 3.ri2 4.15 -1.69 5 . 2  3.S' 6-41 6.76 
8.0 1.25 1.74 2.25 '2.78 3 . 3  3.89 4 4 I 6.21 li.81 7.40 7.76 
9.0 1.71 2.29 2.38 3.49 4.10 4.72 5.X3 5 . 5  5 1 7.79 8.40 8.71; 
10.0 2.23 2.89 3.56 4.23 4.90 5 .  Ii.2 Ii..% 7.52 S.11; 7 9.40 9.76 
11.0 2.78 3.52 4.26 5.00 5.72 6.43 7 1 3.4s 1 1 . 7  !0.?,9 10.7(i 
12.0 3.38 4.19 5.00 5.79 6.56 7.3'2 8 . 0  9.7li 9.45 10.1 1 10.71; 1 1  11.71; 
13.0 4.00 4.89 5.76 6.61 7.42 8.21 3.99 9.i1 10.42 11.10 11.7(i 12.39 12.76 
14.0 4 .  5.62 6.55 7.44 3.30 9 . 1  1 lU.l;i l . : !  12.08 12.75 1 . :  1S.76 
15.0 5.33 6.36 7.35 8.29 9.19 10.04 0 I .  12.7 1 .07 1 . 4  I4.::9 14.71; 

'Interpolate the values shown to obtain tunofl depths for CN's IJI. ~.:~ilifilll ~IIWUIILS 11111 211(1\~11. 

(210-VI-TR-55, Secontl Eti.. J u r ~ e  1986) 2-3 
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--< impervious > 

Figure 2-?.-Flow chart for selecting the appropriate l i p r e  or table for determining runoff e u n e  numbers. 

(210 V1-TR-55. Second Ed.. June  1986! 
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Table 2-2a.-Itunoff curve numbers for u r k n  areas' 

Curve numbel-s for 
Cover description hydrologic soil group- 

Average percent 
Cover type and hydrologic condition impervious area2 A B C D 

FtJly developed to-ba71 arecu (vegetatio~r established 

Open space (lawns. parks, golf courses, cemeteries. 
etc.Y: 

Poor contlition (grass cover c .%) .............. 
Fair condition (grass cover 50% to 75%). .......... 
Good condition (grass cover > 75%) .............. 

Impervious areas: 
Paved parking lots. loofs. driveways, etc. 

(excluding right-of-way). ......................... 
Streets and roads: 

Paved; curbs and storm sewers (excluding 
right-of-way). ................................. 

Paved; open ditches (including right-of-way) ....... 
Gravel (inclurting right-of-way) ................... 
Dirt (including right-of-way) ..................... 

Western desert urban areas: 
Natural desert landscaping (pervious areas only? ... 
Artificial desert landscaping (impervious weed 

barrier, desert shrub with 1- to 2-inch sand. 
or  gravel mulch and basin borders). .............. 

Urban districts: 
Commercial and business.. ........................ 
lnclustrial ........................................ 

Residential districts by average lot size: 
113 acre or less (town houses). ..................... 
114 acre ......................................... 
I13 acre ......................................... 
112 acre ......................................... 

........................................... 1 acre 
.......................................... 'Lacres 

I 

Da*elopirtg 1crba7~ arew 

Newly graded areas (pervious areas only, 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  no vegetation )5 

Idle lands (CN's a re  determined using cover types 
similar to those in table 2-2c). 

'A\.emge r u n o n  c-ondition. end I, = 0.S. 
'T lw  nver:rKe pet.cenl irnlwn-ious area shcnvn \\.as u w l  b elevelol, t h e  c*)rnlx~site CN's. Other  a s w m l ) t i c ~ ~ ~ ~  ;IIY ;IS ft~llo\vs: i r t t lw t~hcur  ;II.*;w 

;u'r ~ l i r ~ ~ t l y  cwnrlwle0 t o  the  tlt:1it1;1xe syslenl .  irnlwn-itru?; ;ctu;t?; h;~vc. ;I (:N elf !M. ; I I I I I  I w t ~ i t ~ u . i  ;IIV;I.< ;IIT c~~tt?;itlut-c.~l wlui\-:~lrtlt 111 111wtt 
.;l);lce it1 p t ~ u l  h y ~ l t i r l c ~ ~ i c  cl~ntlitiun. CN ' s  Cot othet.  c~~rnhitt;~liotl.s of n ~ ~ t t l i t i t ~ n r  nt;ty I)e cwrnouteel U S I I I ~  f i ~ i ~ n .  2-3 111. ?--I. 
'C'X'r .sho\vn ;IW eeluiv:~lot~ i o  i h t a e  of ~~; t? ; ture .  C4)rnl~1siie CN'?; nt;l.v be ct)rnl)utetl fur t ~ t h e r  a ~ m h i t ~ ; t t i ~ ~ n s  * I T  IIIK-II ?;I);ICC~ cllvvr ty lw.  
'C'~1t111~1.41e CN.s rt~r I):I~III:I~ t1eset-t l ; t t ~ ~ l s c ~ t p i t t ~  s h t ~ ~ ~ l c l  h e  ~ ~ ~ r n ~ ~ r r t e e l  11ritly Ii~q11.er 2.3 t ~ r  24 I);I*.YI 1111 lh t -  ~ I I ~ I W I T ~ ~ I I S  ; I W ~  1 ~ ~ 1 x ~ t t l ; t p -  (['Y 
= 9S.O :111tl t h e  p e t ~ i o ~ l a  ;lre:c C'N. T h e  pervit)us- ;lre;l CN's :IIT as?;~tmetl e ~ ~ u i v a l e ~ t t  t o  t l r w t t  slbnth in IMJIII. h\-~lnvlc)yic nn1tliti1111. 

.Y'trrltyx~sitr CN's ttl u se  1181- t h r  tleriyu of trnllx)r.ttT rnr;c<ut-e?; c lu t i c l~  p f i ~ r l i ~ ~ y  ;Inel c l rnr~ruct i t~t t  . sho~~l t l  ht. c-~ntl)!~(r(l IIS~IIC fip1tr.r 2-3 111- 24.  
h;l..etl 1111 l l le  e l r g t ~ e  o r  t l rve l t~ l~ rnen i  ( i r n p e n i o u s  nt.e:t ~ w r ~ u t t l ; t y e )  ancl t h e  C'N'?; Lw t h r  nc\vly p1:ltlctl ~wr\ . i t~r ls  ;It-r;1r. 

(210-VI-TR-55. Second Etl.. June  1986) 2-5 
UNCONTROLLED When Printed



Tnhle 2-2b.-ltunoff curve numhers for cultivated irficultuml lands1 

Cover cle.ic~iption hyrirologic soil KIUII~)-  

Hyclrult~gic 
Covet tylw Treatment2 condi tion3 .A R C L) 

Fallo\~ I3a1.e soil 
Crop iusidue cover (CR) 

RO\V c t n l ) ~  Stl-~ight ro\\- (SR) Poor 
Cootl 

SR + CR Poor 
Gooc I 

Con~o~lretl tC) Poor 
Coot l 

C + CR Poor 
h n l  

C o n ~ o u ~ ~ t l  & trt~iicetl (CSIT) Poor 
Gnnl 

CSrT + CR Ptx~t. 
C o t ~ l  

Poor 
Gootl 
Pool- 
Gotnl 
Poor 
Guiwl 
Poor 
Gotnl 
Pw1. 
(;OM\ 

Poor 
Coot l 

Poor liii 
Coocl 58 

Pwr. 12 - - 
G o ~ t  1 JJ 

Pthbt' 1 ;I{ 

Coot l 5 1 
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Table 2-2c.-Runoff curve numbers for other nrrricullunrl lands1 

Curve numbem for 
Cover tlescription hytllulo~gic soil KIWU~I- 

Hydrologic 
Cover type contlition A B C D 

Pasture. grasslantl. or range--continuous 
fo~age  for grazing.' 

Me;ltlor\.-continuous gmss. ptntectecl flnm 
g r - i n h  and generally mowetl for hay. 

Brush-blush-weetl-gl-s mixture with blush 
the major element.= 

Woocls-gn~ss combi~iation (o~rhartl 
or tree f a ~ r n ) . ~  

F:~rmsteatls-buildings, lanes, drivenxys. 
ancl suri-ounding lots. 

Poor 68 79 86 39 
Fair 19 09 79 84 
GwI 30 61 71 SO 

- - 
Poor 3 1 7.3 <S2 Sf i 
Fair 1 3 65 76 3-2 
Coot1 32 58 7'2 79 

P O O ~  45 rii I I .xj - 
Fair 3 ti GO 73 79 
Good 430 55 70 -- 

1 I 

(210-V1-TR-55. Second Ed., June 1986) 
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Table 2-2d.-Runoff curve  numbers f o r  a r i d  and  semiarid rangelands1 

Cover description hyrll-ologic wil gtuup- 

H ytirolobic 
Cover type condition2 -4' B C n 

Herbaceous-mixture of grass, weeds, and 
low-growing brush,  with brush the  
minor element. 

Poor 
Fair 
Cood 

Oak-aspen-moun~ain brush mixture of oak brush, Poor 
aspen, mountain mahogany, bitter brush, ml,le. Fair  
ant1 other  brush. Gocwl 

Pinyon-juniper-pinyon, juniper, o r  both; 
grass understory. 

Sagebrush with grass understory. 

Poor 
Fair  
Good 

Poor 
Fair  
G d  

Desert shrub-major plants include saltbush, Pool- Ci3 77 85 88 - - 
greasewood, creosotebush, blackbrush. bursage, Fair  XJ 72 8 l wj 

palo verde, mesquite, and  a c t u s .  G w I  49 ti9 79 W 

' . 4 v e r i r  runoff condition, and I, = 0:s. For I?rnge in humid ~ ~ i u l l s .  u.w table 2 . 5 .  

TIJIT~ trumbers for yruup .A have 1 ~ 1 1  clt.vt.lolwtl only f41r c l e r t  shlub. 

(310-VI-TR-55, Secontl Ed. ,  June 1986) 
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7 
Antecedent runoff condition I 

The index of runoff potential before a storm event is 
the antecedent runoff condition (ARC). ARC is an 
attempt to account for the variation in CN a t  a site 
from storm to storm. CN for the average ARC a t  a 
site is the median value as taken from sample rainfall 
and runoff data. The CN's in table 2-2 are for the 
average ARC. which is used primarily for design 
applications. See NEH-4 (SCS 1985) and Rallison and 
Miller (1981) for more detailed discussion of storm-to- 
storm variation and a demonstration of upper and 
lower enveloping curves. 

Urban impervious area modifications 

'Several factors, such as the percentage of impervious 
area and the means of conveying runoff from 
impel-vious areas to the drainage system, should be 
considered in computing CN for urban areas (Rawls 
e t  al., 1981). For  example. do the impervious areas 
connect directly to the drainage system, or (lo they 
outlet onto lawns or other pervious areas where 
infiltlation can occur? 

Connected impervious areas 

An impervious area is considered connected if lunoff 
from it flows directly into the drainage system. I t  is 
also considered connected if runoff from it occurs as  
concentrated shallow flow that runs over a pervious 
area and then into a drainage system. 

Urban CN's  (table 2-2a) were developed for typical 
. . land use relationships based on specific assumed 

percentages of impervious area. These CN values 
were developed on the assumptions that (a) pervious 
111-ban are.% are equivalent to pasture in good 
hydrologic condition and (b) impervious areas have a 
CN of 98 and a - e  clil-ectly connected to the drainage 
system. Some assumed percentages of impervious 
area are shoun in table 2-2a. 

If all of the impervious area is directly connected to 
the drainage system, but the impervious area 
percentages or the pervious land use assumptions in 
table 2-2a are not applicable, use figure 2-3 to 
compute a composite CN. For example, table 2-2a 
gives a CN of 70 for a %-acre lot in HSG B, with an 

assunled impervious area of 25 percent. However, if 
the lot has 20 percent impervioi~s areid anrl a 
pervious u-ea CN of 61, the composite CN obtained 
from figure 2 3  is GS. The CN difference betwren TO 
and 68 reflects the tliffe~.ence in percent impl-vious 
area. 

Unconnected impervious iu-eas 

Runoff from these areas is spread aver a pelvious 
area as sheet flow. To determine CN when all or 
part of the impervious area is not tlirectly connected 
to the drainage system, (1) use figure 3 4  if total 
impervious area is less than .30 percent or (2) use 
figure 2-3 if the total impervious area is equal to or 
greater than 30 percent, because the abm-ptive 
capacity of the remaining pervious areas will not 
significantly affect runoff. 

When impervious area is less than 30 percent. obtain 
the composite CN by entering the right half of figure 
2 4  with the percentage of tot;tl impervious area and 
the latio of total unconnected impervious area to 
total impervious area. Then move left to the 
appropriate pervious CN ant1 read down to find the 
composite CN. For example, for a S a c r e  lot with 20 
percent total imlwrvious area (75 percent of which is 
unconnectetl) and pervious CN of 61. the composite 
CN from figure 2-4 is (3;. If all of the impel-vious 
area is connected, the resulting CN [from figure 2-31 
wvould be 68. 
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Connected imperv ious  a r e a ,  % 

Figure 23.-Composite CN with  connected impervious urea. 

9 0 80 70 60 50 40 0 10 2 0 3 0 

Compos i t e  CN T o t a l  i m p e r v i o u s  
a r e a ,  % 

Figure 2-4.-Composite CY with unconnected impervious are- and total ~mpemious area less than :!O?. 
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Runoff 

When CN and the amount of rainfall have been 
determined for the watershed, determine runoff by 
using figure 2-1, table 2-1, or equations 2-3 and 2-4. 
The runoff is usually rounded to the nearest 
hundredth of an inch. 

Limitations 

Curve numbers describe average conditions that 
are useful for design purposes. If the rainfall 
event used is a historical storm, the modeling 
accuracy decreases. 

Use the runoff curve number equation with 
caution when recreating specific features of an 
actual storm. The equation does not contain an 
expression for time and, therefore, does not 
account for rainfall duration or intensity. 

The user should understand the assumption 
reflected in the initial abstraction term (13 and 
should ascertain that the assumption applies to the 
situation. I,, which consists of interception, initial 
infiltration, surface depression storage. 
evapotranspiration, and other factors, was 
generalized as 0.23 based on data from 
agricultural watersheds (S is the potential 
maximum retention a f t e i  runoff begins). This 
approximation can be especially important in an 
urban application because the combination of 
impervious areas with pervious areas can imply a 
significant initial loss that may not take place. The 
opposite effect, a greater initial loss, can occur if 
the impervious areas have surface depressions that 
store some runoff. To use a relationship other than 
1, = 0.2s. one must redevelop equation 2-3, figure 
2-1, table 2-1, and table 2-2 by using the original 
rainfall-runoff data to establish new S or CN 
relationships for each cover and hydrologic soil 
group. 

Runoff from snowmelt or rain on frozen ground 
cannot be estimated using these procedures. 

The CN procedure is less accurate when runoff is 
less than 0.5 inch. As  a check. use another 
procedure to (letelmine lunoff. 

. The SCS runoff procedures apply only to direct 
surface tunoff: do not overlook large sources of 
subsurface flow or high ground water levels that 
contribute to n~noff. These conditions are often 
related to HSG A soils and forest areas that have 
been assigned relatively low CN's in table 2-2. 
Good judgment and experience based on stream 
gage records are neetled to a ~ u s t  CN's as 
conditions warrant. 

. When the weighted CN is less than 40, use 
another PI-ocetlure to deternine runoff. 

Examples. 

Four examples illustrate the procedure for cornputin1 
nlnoff c u ~ v e  number (CN) and runoff (Q) in inches. 
Worksheet 2 in appendix D is provided to assist 
TR-55 users. Figures 2-5 to 2-8 represent the use of 
worksheet 2 for each e.xa.mple. All four examples are 
based on the same watershed and the same storm 
event. 

The watershed covers 250 acres in Dyer County, 
northwestern Tennessee. Seventy percent (175 acres, 
is a Loring soil, which is in hydrologic soil group C. 
Thirty percent (75 acres) is a Memphis soil, which is 
in p u p  B. The event is a 25-year frequency, 24-hou 
storm with total rainfall of 6 inches. 

Cover type and contlitions in the watershed are 
different for each example. The examples, therefore, 
illustrate how to compute CN and Q for various 
situations of PI-oposed, planned, or present 
development. 

Example 2-1 

The present cover t-ye is pasture in good hydrologic 
condition. (See figure 2-5 for worksheet 2 
information.) 

(210-VI-TR-55. Second Ed.. J u n e  1986) 2- 1 
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Example 2-2 

Seventy percent (175 acres) of the watershed. 
consisting of all the Memphis soil and 100 acres of 
the Loring soil. is %-acre residential lots with lawns 
in good hydrologic condition. The rest of the 
watershed is scattered open space in good hydrologic 
condition. (See figure 2-6.) 

Example 2-3 

This example is the same as example 2-2, except that 
the %-acre lots have a total impervious area of 35 
percent. For these lots, the pervious area is lawns in 
gwl hydi-ologic condition. Since the impervious area 
pel-centage tliffers from the percentage assumed in 
table 2-2, use figure 2-3 to compute CN. (See 
figuio 2-7.) 

Example 2-1 

This example is also based-on example 2-2, except 
that 50 percent of the impervious area associated 
with the H-acre lots on the Loring soil is 
"unconnected," that is, it is not directly connected to 
the drainage system. For these lots, the pervious 
; m a  CN (lawn, good condition) is 74 and the 
irnpe~rious area is 25 percent. Use figure 2-4 to 
compute the CN for these lots. CN's for the %acre 
lots on Memphis soil and the open space on b r i n g  
soil alee the same as those in example 2-2. (See figure 
2-8.) 
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Worksheet 2: Runoff cune number and runoff 

~ r o j e c t  H C ~ ~ C *  lY A C ~ F S  BY rh)f 4 Date \ O \ I  18s 

b c a t l o n  D y e  I- LO- f -j, re rnn c s ~ c r  Checked ~ r /  D.te ( 013 ( 8 ~  

C i r c l e  one: ~ . v e l o p e d  

1. Runoff curve mnber  ( C N )  

CN (weighted) - t o t a1  P~~~~~~ - XL!Q - 10. 1 . use a - 1 7 0  1 t o t a l  a r e a  1 0 0  L 

2. Runoff 

.............................. Frequency yr  

Area 

O J C ~ C S  
omi- 

2 

30 

70 

\oo 

S o i l  NSC 

and 
hydro log ic  

group 

(appendix  A )  

~ c r r g i l ~ , ~  

L"';'.3jC 

Runof f ,  Q .............................. i n  
(One P and CH vich t a b l e  2-1, f i g .  2-1, 
o r  eq l .  2-3 and 2 4 . )  

1' Ure only one CH rource  per  l i n e .  T o t a l s  - 

Product 
of 

CN x a r e a  

1 8 3 0  

S 180 

7010 

Cover d e s c r i p t i o n  

(cover type .  t r e n t ~ c n t .  and 
hydro log ic  c o n d i t i o n ;  

pe rcen t  imperviour :  
unconnected/connected impervious 

a r e a  r a t i o )  

PG,-kbre, 9-d ~byl;-km 

P ~ s + ~ ~ c ,  5 4  (~-.ditL- 

I / 

Figure 2-5.-Worksheet 2 for example 2-1 

I 

m 

m 

2 

61 

79 

Storm # I  

2 5  

6.0 

z .@l  

(210-VI-TR-55, Second Ed.. June 1986) 
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Worksheet 2: Runoff curve number and runoff 

p r o j e c t  I-\ Ca t m I y A c ~-z-s By 'dS& Date lol l  18s 

L o c a t i o n  b y  r r  Co--ky, T~,,r,c,ee Checked b t e  J~ 13 

C I ~ C , ~  one:  p r e s e n t  I o ~ r t s  r m i d b J \ b I  

I .  b n o f  f  curve  number (CN) 

CN ( w t l g h t e d )  - t o t a l  p roduct  7c2 Use CN - 
t o t a l  a r e a  2 5 0  

2 .  Runoff 

.............................. Frequency  y r  

Area 

W a c 5 e s  
Oal-  
O 1 

7 5  

1 

75 

250 

S o i l  MDK 

and  
h y d r o l o g i c  

SrouP 

( a p p e n d i x  A) 

Mc-~L~s, 

L-;-o,, C 

Lorlag,  C 

R u n o f f ,  Q .............................. I n  
(Use  P and CN w i t h  t a b l e  2-1. f l g .  2 - 1 .  
o r  e q s .  2-3 and 2 4 . )  

Product  
of 

CN x a r e a  

s z s o  

8- 

SSSO 

18,830 I' Use o n l y  one 01 s o u r c e  per l i n e .  ~ o t a l s  - 

Cover d e s c r i p t i o n  

( c o v e r  t y p e .  t r e n t l s e n t .  and 
h y d r o l o g i c  c o n d i t i o n ;  

p e r c e n t  imperv ious ;  
u n c o n n e c t e d l c o n n e c t e d  l m p e r v l o u ~  

a r e a  r a t i o )  

2 57- i -p-rvta~s  

'IL e c  .e \cts, good c 6 n d r + - q  

2x9, ; L I , . C ' ; ~  

\IL q c  .= 1 -4s , 7-d c d ; ~ ~  

opVl S p t ~  I 4 0 d  a-d;f;o. 

I I 
N 

N 

u 

2 

10 

lq 

F i ~ u r e  2-6.-Workrhtt t  2  for e s n m p l t  2-2. 

Storm 11 

2'Y 

6 .0  
3.28 

CN - 
I O U  

N I 

, , , 2 ' -  
I - L l r .  

. 

N I 

Storm 1 2  Storm 1 3  
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Worksheet 2: Runoff cune  number and runoff 

~ o c a t i o n  D y ~ r  G u e f  -f, T ~ r ~ e ~ s e e  CIWCIC~~'HM ~ . t e  I o I ~ J ~  
C i r c l e  one: Present 6-2 

1. Runoff cu,rve number (CN) 

CN (weighted) - t o t a l  product  _ \ Y I P  I 1 7 . 2  Use - 
t o t a l  a r e a  2 5 0  . 

2. Runoff 

S o i l  rum 
and 

hydrologic 
group 

(appendix A) 

M?wpkis,0 

C 

c 

Frequency .............................. yr 

Cover d e s c r l p t l o n  

(cover  t y p e .  t r e r t w n t .  and 
hydro log lc  cond l t lon ;  

pe rcen t  impervious: 
unconnectedlconnected impervlous 

a r e a  r a t i o )  

- 3 5 7 0  l -"p-f", ' ld~ 

,,.,e \.As, ~ " 0 d  c.nrJ;han 
35qa ; - t e r v ; e w :  

'/2 orrr  lo&, h m ~ ; + , b * .  

Opee 5 , good cad;+#;* 

Rainfall. P  (26-hour) .................. In 

Use only one a source  p e r  l i n e .  T o t a l s  - 

11 

Runoff, Q .............................. In 
(Use P and CN v i rh  t a b l e  2-1. f i g .  2-1, 
or  eqs.  2-3 and 2-4.) 

Area 

a a c r e s  
0 m i 2  
0 2  

1- 

1s 

Product  
of 

01 x a r e a  

SSSO 

a200 

SSSO 

250 

I " 
CI 

N 

u 

2 

l q  

Figure 2-5.-\Vorksheel 2 Tor example 2-3. 

\?,xo 

CN - 
l n u  

I " 
A 

m - ' -  
I - L L  

1'4 

82 

Storm I1  

2 S 

6,O 

3.40 
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Worksheet 2: Runoff curve nunrher and runoff 

P r o j e c t  I en .,-- i A c I - 2  BY &T Date \ 3 1 1 i ~ ~  - Location D,, .c Lvr 7 y , r>c=  o, Checked .//j Date  1515195 

C i r c l e  one: P r e s e n t  

I .  Runoff curve number (CN) 

2. Runoff 

Frequency .............................. y r  

b i n f a l l ,  P  (24-hour) .................. I n  

.............................. Runoff ,  Q In 
(Use P  and 04 v i t h  cab le  2 - 1 .  f i g .  2-1 ,  
o r  eqs .  2-3 and 2-1.) 

Area 

~ a c ~ e s  
Omi- 
0: 

75 

00 

75 

S o i l  rule 
and 

h y d r o l o g i c  
group  

(appendix  A )  

Mrmp'";s,B 

1 4 c : m 9 ,  C 

Lor :-3, C 

Product  
o f 

0 4  x a r e a  

2 2 5 0  

7800 

2iss3. 

Cover d e r c r i p c i o n  

( c o v e r  t y p e ,  c ren tmenc .  and 
h y d r o l o g i c  c o n d i r  i o n ;  

pcrcenc  i m p e r v i o u s ;  
u n c o n n e c t e d l c o n n e c t e d  impervious 

a r e a  r a t i o )  

a n  n t c 4 ~ d  ; uf e r v ; - . r <  

[/L c c r c  lo-15,  c,-,i;koc 
L S l a  ; r p r r v . L . >  -.LL 5070 .> :.( "r- *C t d 
\I2 .C .. I,&, s-d cM';+;w 

0 p-u s p> CC, r o  d ; b  

I I 

Figure  2-8.-Worksheet 2 for example  2-4. 

l B , 6 ~  

I 

S t o r a  t l  

2 5 

a - 0  
3-17 

(210-VI-TR-55, Second Ed.. J u n e  1980 

I 

ob 

7 8  

N 

N 

o) 

7 0 

71\ 

L1 u s e  only one RI s o u r c e  p e r  l i n e .  ~ o c a l s  - 

CN - 
I C I U  

I 

A 
C L L  o 4 - '  

2 5 0  

Storm 1 2  Storm I 3  
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Chapter 3: Time of concentration and travel time 

Travel time (T3 is the time it takes water to trxvel management system. Slope will tent1 to increse 
from one location to another in a watershed. TL is a when channels a r e  straightenetl ; ~ n d  tlecrease \\-hen 
component of time of concentntion (T,), which is  t he  overland flow is directed through s t o ~ m  se\ver-a. 
time for runoff to travel from the hyhulical ly most s t reet  gutters. and tliversions. 
distant point of the watershed to a p i n t  of interest 
within the watershed. T, is computetl by summing all 
the travel times for consecutive components of t h e  Computation of travel time and 
drainage conveyance system. time of concentration 

Tc influences t he  shape and peak of the runoff 
hydrograph. Urbanization usually decreases Tc, 
thereby increasing the peak discharge. But Tc can be 
increased as a result of (a) pontling behind small o r  
inadequate drainage systems, inclutling storm tlnun 
inlets ant1 road culverts, or (b) r-etluction of land slope 
through grading. 

Factors affecting time of concentration 
and travel time 

Surface  roughness 

One of the most significant effects of urban 
development on flow velocity is less retardance t o  
flow. Tha t  is, undeveloped areas with very slow and 
shallow overland flow through vegetation become 
modified by urban development: the flow is then 
tleliveretl to s t reets ,  gutters,  and storm sewen  t h a t  
t ~ a n s p o r t  runoff downstream more rapidly. Travel 
time through the watershed is generally decreased. 

Channel  shape  and  flow patterns 

In small non-urban watershecls, much of the travel 
time results from overland flow in upstream areas. 
Typically. urbanization reduces overland flow lengths 
by conveying storm r u ~ o f f  into a channel as soon as 
possible. Since channel designs have efficient 
hydraulic characteristics, ~unoff  flow velocity 
increases and travel time decreases. 

Slope 

Slopes may be increased or  decreased by 
urbanization, depending on the extent of site grading 
or  the e-xtent to which storm sewers and street 
ditches a re  used in the design of the water 

Water moves thl-ough a watershed as sheet flow. 
shallow concentrated flow. open channel flo\v. or 
some combination of these. The  type that occurs is a 
function of the conveyance system and is best 
determined by field inspection. 

T ~ a v e l  time (T3 is the ~ a t i o  of flotv length to flow 
velocity: 

L 
T, =- [Eq. 3-11 

3600v 

T, = t ~ a v e l  time (hr), 
L = flow length (it), 
V = average velocity (ft/s). ant1 

3 0  = conve~sion factor fivm seconds to houls. 

Time of concentnltion (T,) is the sum of TI values for 
the various consecutive flow segments: 

where 

Tc = time of concentl-ation (hr )  and 
m = number of flow segments. 
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Sheet flow \\.here 

Shee t  flow is flow over plane surfaces. I t  usually 
occurs in t h e  headwater of streams. With sheer  flow. 
the  friction value (Manning's n) is an effective 
roughness coefficient tha t  includes the effect of 
1"dindl.op impact; d l ag  over the  plane surface; 
obsuc les  such as litter, crop ridges, and rocks; and 
erosion anrl t~.ansportation of sediment. These n 
values a r e  for  very shallow flow depths of about  0.1 
foot o r  so. Table 3-1 p v e s  Manning's n values for 
shee t  flow for various surface conditions. 

F o r  shee t  flow of less than 300 feet, use Manning's 
kinematic solution (Overton ant1 Meadows 1976) to 
compute T,: 

T, = tliivel time (h1.1. 
n = Manning's roiighness cwfficient (table 3-l), 
L = flow length (R1. 

P:! = ?-year. 24-haul. r-iiinf;~ll (in). ant1 
s = slope of hyill.i~ulic gi-atle line (land slope. 

ftlft 1. 

This simplifietl form of the Manning's kinematic 
solution is b w c l  on t he  folltnring: (1) shallow steady 
unifolm flo\rf, (2 ccc~st;ult intensity of rainpall excess 
(tllat })art of a rain ;~\.ailal)le ftbr runotll. (3)  ai in fall 
rlul-iition of 24 houl-s, ant1 (4) minor effect of 
infiltl;~tion on tluvel time. Rainfill1 tlepth call be 
ob~il ine~l  from appelltlis 13. 

[Eq. 3-31 
Shallow concentratetl flow 

Table 3-1.-Roughness coefficients (Milnning's nt for 
sheet  flow 

Surface description n1 

Smooth surfaces (concrete. asphalt, gravel, or 
bare soil) ................................... 0.01 1 

Fallow (no residue). ......................... 0.05 

Cultivated soils: 
...................... Residue cover Q 20% 0.06 

Hesidue cover > 20% ...................... 0.17 

G r m :  
Short grass prairie ........................ 0.15 
Dense grasses2 ............................ 0.24 
Be~mutlab~ass .  ............................ 0.4 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Range (natu~ml) 0.13 

Woods:' 
Light underbrush.. . . . . . . . . . . . . . . . . . . . . . . . .  0.40 
Dense i ~ n d e ~ b i ~ ~ s h  . . . . . . . . . . . . . . . . . . . . . . . . .  0.M 

I 

lTl:e n v a l u e  ;trP a cunlpB=tlr ul il:ft~nn;,tiolt ct~n~l:ilecl by En~lrr;111 
1 1986). 
21ncluclt.s s p a t r s  such ita Keqing luvep-ass. blueg\;sj. l:r~ttf;tl<: 
~ I : I=S ,  blue ~1: t t -w ct.ass. at111 I:;ILIVC ~ r a a s  n ~ i s i u i v b j .  

-4fte1. a mauimuni of 300 feet, sheet flow usi~ally 
becomes shallow ct)ncent~-atetl flo\\r. T h e  avel-age 
velocity for this flo\tr c i ~ i ~  Iw tletelminecl fawn fig~~l-e 
3-1, in which avrl;tpe vcltcity is a Cilnction of 
watelroulse s l o 1 ~  ant1 type of channel. Fo r  slopes 
less than 0 . 0 5  ftlft. use equations given in appendix 
F for figure 3- 1 .  Ti1l;ige ciin iiffect t he  il i~vction of 
shiillo\v concenrr.~tetl flow. Flo~v  may not al\vays be 
tlil.ectly tlo\vn the \vatel-shetl s lop  if tilliige I U I I ~  

across the slo\)e. 

After tlete~mining iivel.iige \.cloc.itv in figul-e 3-1, use 
ecli~;ition 3-1 to esritni~te t1:1vtrl pipe for the shal!o\\. 

Open channels 

Open channels alee assumetl to begin \\*here sul-veyetl 
cr.oss sect io~l in formi~t ion h i ~ s  heell obtainetl. whe1.e 
channels are visible on ael-ial photoy-aphs. o r  where 
l~ lue  lines (indicating st]-ei~rns) aplwiu. on Ullitetl 
States Gt.0111fical Sul.\*ey (USGS) tluit(l13nglc: sheets. 
hlanning's etluariun (11. water  sill-face l>rufile 
infotmliltion cilll be usetl to estimate itverilge flow 
velocity. -Aver-axe flo\v velwitg is us~t:~IIy tleterlninecl 
f ; ~ r  b;1111r-full clc\,n~iun. 

- 
'When &lcc~i~:# I:. col:jirle~. U U I \ . C I  t v  a h r l ~ h (  u i  ; l l r ~ u t  0.1 I'L. This 
I= t h e  only 1:;lrt uf r h r  plant c ~ ~ ~ c r .  !ii;11 ivill 11b5tn1cr n h c ~ l  Ilon- 
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Manning's equation is 

V = average velocity (ftls), 
r = hydraulic radius (ft) and is equal to alp,, 
a = cross sectional flow area (ftz), 

p, = wetted perimeter (R), 
s = slope of the hydraulic grade line (channel 

slope, ftlft), and 
n = Manning's roughness coefficient for open 

channel flow. 

Manning's n values for open channel flow can be 
obth,;~ed from stantlard textbooks such as Chow 
(1959) o r  Linsley e t  al. (1982). After average velocity 
is computPd using equation 3-4, TL for the channel 
segment can be estimated using equation 3-1. 

Reservoirs or lakes 

Sometimes i t  is necessary to estimate the velocity of 
flow through a reservoir or  lake a t  the outlet of a 
watershed. This travel time is noimally very small 
and can be assumed as zero. 

A culvert or  bridge can act as a reservoir outlet if 
there is significant storage behind it. The 
procetlui-es in TR-!55 can be used to c\etemline the 
peak flow upstiseam of the culvert. Detailed 
storage routing pi-ocedures shoultl be w t l  to 
determine the outflow through the culvert. 

Example 3-1 

The sketch below shows a watershed in Dyer 
County, northwestern Tennessee. The problem k to 
compute T, a t  the outlet of the watetahed (point D). 
The 2-year 23-hour 1-dinfall depth is 3.6 inches. XI1 
three ty-pes of flow occur from the hytllaulically most 
clistunt point (A) to the point of iiitei.est (Dl. To 
conlpiite T,, f i ~ s t  (letel-mine TL for each ~ q b m e n t  
fi-om the followillg infoi-mation: 

Segment AR: Sheet flow; tlense grass; slope (s) = 
0.01 ftfft; ant1 length (L) = 100 ft. 

Segment BC: Shallow concentr~tetl  flow; unpavetl; 
s = 0.01 ft/ft; and L = 1400 it.. 

Segment CD: Channel flow; Manning's n = .05; 
flow area (a) = 2'7 i t t ;  wetted 
perimeter (h.) = 282 ft; s = 0.005 
ftlft; and L = 7300 ft. 

See figure 3-2 for the computations made on 
\\forksheet 3. 

Limitations 

Manning's kinematic solution should not be used 
for sheet flow longer than 300 feet. Equation 3-3 
was (leveloped for use with the four standard 
lainfall intensity-duration relationships. 

In watersheds with storm sewers, carefully 
identify t h e  appropriate hydraulic flow path to 
estimate T,. Storm sewers generally handle only a 
small portion of a large event. The rest of the 
peak flow travels by streets, lawns, and so on, to 
the outlet. Consult a standard hydraulics textbook 
to determine average velocity in pipes for either 
pressure o r  nonpressure flow. 

The  minimum T, used in TR-55 is 0.1 hour 
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Worksheet 3: Time of concentration (Tc) or travel time (Tt) 

p r o j e c t  H e o d c - \ y  A c r e s  BY bL.J Date I O I G I ~ S  
~ o c a t i o n  7 3 1 ~ ~  C O U ~ ~ ~ - / I ~ ~ * ~ P C S C L  C ~ ~ C L I I ~   ate I ~ I B I &  
r e  o n :  ~ r e a e n t  (iLZ&<> 
C i r c l e  one: @ Tt chrough aubaren  

NOTES: Space f o r  as  u n y  a s  c u o  segmenta per  f l o r  type can be used f o r  each  
worksheet .  

Inc lude  a  map. schematic. o r  d e s c r l p t l o n  of flow segments.  

Shee t  f l w  (Applicable t o  Tc o n l y )  Segment ID 

............ I .  S u r f a c e  d e a c r i p t l o n  ( t a b l e  2-11 

2 .  h n n 1 n g . r  roughnesa coeff  .. n ( t a b l e  3-1) .. 
I .  Flow l e n g t h ,  L ( t o t a l  L 5 300 f t )  .......... f t  

3. Land s l o p e .  s  .............................. f t / f t  

Sha l low c o n c e n t r a t e d  f low Segment ID 

..... 7 .  Sur face  d e n c r l p t l o n  (paved o r  unpaved) 

8. Flow l e n g t h .  L ............................. f t  

9 .  Watercourse s l o p e .  m ....................... f r / f t  

10. Average v e l o c i t y ,  V ( f t g y r e  3-1) ........... f t / r  

Channel  flow Segment ID 

12. Cromr r e c t l o n a l  f l w  area .  a............... f t 2  

I & .  Hydraulic  r a d i u s .  r - Compute r  ....... f t  
p  w 

I S .  Channel s l o p e ,  s  ........................... f t / f t  

16 .  nann1ng.s roughness c o e f f . ,  n  .............. 
Compute V ....... f  t / s  

18.  Flow l e n g t h ,  L ............................. f t  

L 
19. Tt - -  ...... 3600 v Compute Tt h r  

, As3 
bFNI P 
6 P A S S  

0 . 2 q  

\ 00 

3 . 6  1 
0.01 

20. u a t e r r h e d  o r  rubarea T  or Tt (add Tt i n  s t e p s  6 ,  11. and 1 9 )  ....... h r  

F i r ~ t r e  3-2.-Worksheel 3 f o r  example 3 - 1 .  

(210-VI-TR- jj, Secontl Ed.. .June 193;) 

UNCONTROLLED When Printed



Chapter 4: G~aphica l  Peak  Discharge method 

This cliaptel- l)~-eserits the GI-;lphical Peak Discharge 1.0 
rnethotl fur computing peilk tlischar.ge ft-o~n 1~11'31 i111d 
urb;\n wl.ei\s. The  GI-~l)hic;ll methotl ~ v n s  tie\~elol)etl 

. J  
II-on1 h j t l ~ . o ~ a p l i  analyses using TR-20, "Cornputel. 
P1-og7-mn for PI-oject Formu1;ltion-Hyd~ulom" (SCS 
1983). The peak tlischa~.ge equation used is .6  

0 . 
ql) = L I U A ~ ~ Q F ~  [Eq. 4-1 ] -- 

1 

(I,, = peak tiischa~pe (cfs): 
( 1  = unit peak discharge (csmlin); 

A,, = tl~-:lin:rge area (rni2); 
Q = ~unoft '  (in): anti 

F,, = porlcl a~i t l  swamp acljustme~it f:lcto!'. 

Fiaure 4-I.-Yurintion of 1,II' h ~ r  I' 11nd C 3 .  
The input I-equi~.enients for the G~-;rp)lical nlethotl :rtVe 
;is k)llo\\.s: (1) T, (Ill-). (2) t l ~ t ~ i ~ l a g e  are;\ (mi?). (3) 
iil)pr-op~-i;lte 1-ainfz1ll dist~.ibution ( I .  IA, 11, 01. 11 1). (4) 
24-ho111. 1.ai11filll (in). ant1 (5) CN. If lmntl and swr.:~rnp T:rl)Ie 1-1 . - I ,  values for rutrnff cune  numlwrs 

iu.e,zs are spl-eat1 thl-oughout the \vatelshe0 antl a r e  
not consitlerecl in the T, computation, ari :\cljust~net~t 
for po11tl antl s\vamp iu.eas is also neetled. 

Peak discharge computation 

For- il selectetl ~.;rinfall frecli~ency. the 24-hoi11- 1-air1f:rll 
(P) is obtninetl f1.0111 ;lpl)entlix B 01- rnore (letailed 
local pr.eci;)it;~tio~i nlilps. CN ;~rltl totnl I-unoff (Q) for. 
the u'irter-shetl a r e  co~n;)utecl nccor-(ling to the 
r~ietl~o(ls outlineti i l l  ch:lpte~- 2. Tlie CN is used to 
(letermine the itlitial abstr;lctiou (13 fr-on1 table 4-1. 
I,/P is theri conlputed. 

I f  the c o t ~ ~ p ~ i t e t l  1,,/P ~.;ltio is outsitle the Ixnge .sho\\'ri 
in esl~ibi t  4 ( 4 - 1 .  -!-Ill,  4-1 I ,  ant1 4-1 11 )  for the 1-airiF~I1 
tlistribution of interest, then tlie lirnitiii~ value 
slloultl be usetl. If the r.;ltio falls bet\veeri the li1nitir1g 
\.;ilues. IrFe 1ine;rr intel.l)oli~tion. I:i,c~r~.e 4-1 ill~rstr.ates 
the  sensitivity of I,,IP to CN and P .  

Pe;ilc tlischnl-ge per  srlunr-e mile pel. inch of r~riioff 
is obt;rilretl fr.orn eshibit 4-1, 4-IA. 4-11. 01' 4-111 

u s i ~ i ~  T, (chnl~ter  3). railifall tlisti.ibutio~~ t>l,e. ;rntl 
I,,/P I-nlio. ?'lie oolltl ;uitl swamp atlj~lstnlent f;~ctor- i . ~  
ohL;ri~ie~l f1-0ri1 table 4 2  (I-our~tled t u  the 1le;rl-erL tnblr 
1-;rlue). Use \vul.kslleet -1 in ;il)pelitlis 1) to iritl in 
c c ) ~ n l ~ r t i ~ ~ g  tlle ~)e;lli tlisch;lr.ge usil~g the Gl.;ll~hic;ll 
n~e~llo!l.  
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Table .I-2.-Adjustment factor (Fp) for ponti and swamp Example 4-1 
nrens thnl  are sprentl throughout the watershed 

pel-centige of p ~ l l t l  arid swarnl) areas Fit Compute the 25ye:u. peak tlischi~l.ge for the 25~-;rcl-e 

0 1.00 watejshed tlescl-ibetl in examples 2-2 ant1 3-1. F i e r e  

0.2 0.97 4-2 sllotvs how worksheet 4 is used to compute (I,, ;is 

1 .o 0.57 .345 cfs. 
3.0 0.75 
5.0 0.72 

Limitations 

T h e  Graphical method provides a determination of 
peak discharge only. If a hytlrograph is needed 01. 
watel-shed subdivision is recluil-ed, use the Tabular 
Hydl.og.apl~ methotl (chapter 5). Use TR-20 if the 
~vateishet l  is very complex 01- a higher degree of 
acculacy is required. 

The  ivaterslled must be hydrologically 
homogeneous, that is. describable by one CN. 
Land  use, soils. anrl covel. are  tlistributed 
unifo~-mly t hl-oughout the watershed. 

T h e  watelshetl may have only one main stream or, 
if more than  one, the bl.al~ches must have nearly 
equal T,'s. 

T h e  ineti~otl cannot perform valley or I-ese~voir 
rou tinfz. 

1 T h e  F,, factol- can be applied only for ponds 01- 

s\v;cmps tha t  are  not in the T, flow path. 

Accurncy of peak tlischarge esti~natetl by this 
rnethvtl will be ~.etlucetl if  I,IP values are usetl 
t ha t  ill-e oi~tsitle the range given in exhibit 4. The 
limiting 1,,/P values are r.ecommended for use. 

This  nlethocl shoultl be used only if the weighted 
CN is yl-eater than 40. 

When this method is used to develop estimates of 
peak tlischal-ge for both present ancl tlevelopetl 
conclitivns of a yate~shecl,  use the same procedure 
for estimating T,. 

T, values with this metl~ocl may range from 0:l to 
1U hours. 

4 -2  (210-VI-TR-55, Seconrl Ed.. June 1986) 
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Worksheet 4: Graphical Peak Discharge method 

P r o j e c t  H e a v e r  \, A c r e s  By Elm Date \ o \ \ s \ ~ s  

Loca t ion  Dye r C r - e  t~ > ~ W C S S C ~  Checked yw - Date J C ~ ( I ~ I & ~ -  

C i r c l e  one:  P r e s e n t  Gz> 
1. Data:  

Dra inage  a r e a  .......... A = 0. 3 9 m i 2  (acre.1640) 

.... R u n o f f  curve  number CN - 7 5 (From workshee t  2)  , Ft3urc 2- 6 
Time of c o n c e n t r a t i o n  . . Tc ' 1-53 h r  (From v o r k s h e e t  3 )  ) F l g u ~  3 - 2  

R a i n f a l l  d i s t r i b u t i o n  type - ( 1 ,  I A ,  11, 111) 

Pond and svamp a r e a s  spread 
t h r o u g h o u t  watershed ...... = -- percen t  of A,,, (z a c r e s  o r  m i 2  covered)  

2. Frequency ............................... Yr 

3. R a i n f a l l ,  P (2:-hour)-................... i n  

................. 4. I n i t i a l  a b s t r a c t i o n ,  la i n  

(Use CN v i t l l  t a b l e  4-1.) 

5 .  Compute Ia /P  ............................ 

6 .  U n i t  peak d i s c h a r g e ,  qU ................. csml in  
(Use Tc and l a / P  v i t h  e x h i b i t  4 - a  ) 

7 .  Runoff .  Q ................................ i n  
(From worksheet 2 ) .  F ~gtr & 2-6 

.... 8. Pond and svamp adjustment  f a c t o r ,  F 

(Use p e r c e n t  pond and swamp a r e a  p ,  

w i t h  c a h l e  4-2. Factor  is 1.0 fo r  
z e r o  p e r c e n t  pond and swamp a r e a . )  

9 .  Peak d i s c h a r g e ,  q p  ...................... cf s 

(Where qp  * q,A,QFp) 

Fiaure 4-2.-\Vnrksheet I lor example 4-1.  

(210-V1 .TR-55. Second Ed., June 1986) 
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Same Calculation Method 

Alternate Calculation 

Calculation Deerription 

Computer software u s e d  Y @ 

Vedication Resul 
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DESIGN VERIFICATION 

Project Title 

Verifier Date 88-95 

Evaluate the Followins Items: 

11 1. Were the design inputs correctly selected? 

II 2 .  Are the assumptions adequately described and reasonable? 

3 .  Where necessary, are the assumptions identified for 
subsequent reverification when the detailed design 
activities are completed? 

II 4 .  Was an appropriate design method used? 

5. Were the design inputs correctly incorporated into the 
design? 

I1 6- 1s the design output correct? 2 
7. Are the necessary design input, output, and verification 

requirements for interfacing organizations specified in 
the design documents, supporting-procedures or.instructions? 

8. Are computer programs identified and verified? 

9. Were calculation results correct and complete? 

10. Were alternate design interpretations considered? 

11. Are quality requirements and/or acceptance criteria 
adequately identified in the design package? 

12. Does the design comply with quality requirements and 
acceptance criteria? 

Comments 

Page 2 of 2 Results Acceptable Data Attached 
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REYNOLDS ELECTRICAL AND ENGINEERING COMPANY 
ENVIRONMENTAL REMEDIATION SECTION 

U - 3 f i  WASTE UNIT CLOSURE 
DAILY REPORT - DAN TOBIASON 

DATE: September 5, 1995 

PERSONNEL ON S I T E :  

Dan Tobiason 
J e f f  Smi th  
Nei  1 Campbell 
Bob Ga rc i a  
Lou i s  South 
Jesus Monje 
Paul Ke t che l  1 

I n i t i a l  s i t e  mob i l  i z a t i o n .  Removed a l l  d e b r i s  f rom i n  and around 
e x c l u s i o n  zone. S i t e  c o n t r o l  f enc i ng  and signs, and e x c l u s i o n  zone 
f ence  were i n s t a l l e d .  Cons t ruc t i on  v e h i c l e  pa rk i ng  area was roped o f f .  

Ho les  were c u t  i n t o  w e l l  head cover .  These ho les a l l o w  f o r  i n s e r t i o n  o f  
sand, g r o u t ,  and dus t  suppress ion hoses. 

PROBLEMS : 

No problems were encountered. 

Page 1 o f  1 
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REYNOLDS ELECTRICAL AND ENGINEERING COMPANY 
ENVIRONMENTAL REMEDIATION SECTION 

U - 3 f i  WASTE UNIT CLOSURE 
DAILY REPORT - DAN TOBIASON 

DATE: September 6, 1995 

PERSONNEL ON SITE: 

Dan Tob iason  Frank Eck 
J e f f  Smi th  W i l l i e  Chesser 
N e i  1  Campbell  
Bob G a r c i a  
L o u i s  South  
Jim H o l l e y  
Joe  Leeming 
W i l l i a m  Hodges 

H e a l t h  and S a f e t y  P l a n  b r i e f i n g  was h e l d  a t  N e i l  Campbel l 's  o f f i c e .  A l l  
p e r s o n n e l  s i g n e d  D e c l a r a t i o n  o f  Understanding.  

A p p r o x i m a t e l y  150 c u b i c  f e e t  o f  20140 sand was poured i n t o  t h e  w e l l .  
The sand was tagged  a t  179 f e e t  a t  t h e  c e n t e r  o f  t h e  h o l e  and 178.5 f e e t  
a t  t h e  edge o f  t h e  h o l e .  These depths i n d i c a t e  t h a t  t h e  sand o n l y  
l i f t e d  1  f o o t .  It was determined t h a t  s i n c e  t h e  m a t e r i a l  a t  t h e  b o t t o m  
o f  t h e  h o l e  was n o t  u n i f o r m ,  t h e  sand worked i t s  way i n t o  t h e  
i n t e r s t i t i a l  spaces b e f o r e  f i l l i n g  t h e  bo re  h o l e .  D i s c u s s i o n  w i t h  REECo 
p r o j e c t  manager, ERS s e c t i o n  c h i e f ,  RSN i n s p e c t o r ,  and REECo 
c o n s t r u c t i o n  s u p e r i n t e n d e n t  approved t h e  a d d i t i o n  o f  more sand. An 
a d d i t i o n a l  150 c u b i c  f e e t  o f  20140 sand was poured i n t o  t h e  h o l e .  The 
sand was t h e n  tagged a t  173 f e e t  a t  t h e  c e n t e r  and 173.5 f e e t  a t  t h e  
edge. T h i s  i n d i c a t e d  approx ima te ly  6  f e e t  o f  sand i n  t h e  h o l e .  

G r o u t i n g  o p e r a t i o n s  commenced w i t h  t h e  emplacement o f  a p p r o x i m a t e l y  4  
c u b i c  y a r d s  o f  g r o u t .  The g r o u t  was tagged a t  168.5 f e e t .  T h i s  
i n d i c a t e s  a  g r o u t  t h i c k n e s s  o f  approx ima te ly  6  f e e t .  Opera t ions  were 
c o n c l u d e d  f o r  t h e  day t o  a l l o w  g r o u t  s e t  up t i m e  o f  24 hours .  

PROBLEMS: 

No prob lems were encountered.  

Page .1 o f  1 
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REYNOLDS ELECTRICAL AND ENGINEERING COMPANY 
ENVIRONMENTAL REMEDIATION SECTION 

U - 3 f i  WASTE UNIT CLOSURE 
DAILY REPORT - DAN TOBIASON 

DATE: September 7, 1995 

PERSONNEL ON S I T E :  

Dan Tob iason   rank Eck 
J e f f  S m i t h  Herb  S t e w a r t  
N e i l  Campbel l  Joe Auyer 
Bob G a r c i a  D a v i d  C l a r k  
L o u i s  Sou th  
J i m  Hol  l e y  
Don Cox 

T a i l g a t e  S a f e t y  B r i e f i n g  was conducted on s i t e .  A l l  a t tendees s i g n e d  
b r i e f i n g  fo rm.  

G r o u t  was tagged  a t  168 f e e t  p r i o r  t o  p o u r i n g  a d d i t i o n a l  g r o u t .  A t o t a l  
o f  12 c u b i c  y a r d s  o f  g r o u t  was t h e n  poured i n t o  t h e  h o l e .  A f t e r  
p o u r i n g ,  t h e  g r o u t  was tagged a t  158 f e e t .  I n c l u d i n g  t h e  g r o u t  poured 
on September 6, 1995, t h i s  g i v e s  a t o t a l  g r o u t  p l u g  t h i c k n e s s  o f  15 
f e e t .  

PROBLEMS : 

No p rob lems  were encountered.  

Page 1 o f  1 
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REYNOLDS ELECTRICAL AND ENGINEERING COMPANY 
ENVIRONMENTAL REMEDIATION SECTION 

U - 3 f i  WASTE U N I T  CLOSURE 
DAILY REPORT - DAN TOBIASON 

DATE: September 11, 1995 

PERSONNEL ON S I T E :  

Dan Tob iason  Frank Eck 
Ne i  1  Campbell  Joe Leeming 
Bob G a r c i a  M ike  Powers 
L o u i s  South  
Jim H o l l e y  

T a i l g a t e  S a f e t y  B r i e f i n g  was conducted a t  N e i l  Campbel l 's  o f f i c e .  A l l  
a t t e n d e e s  s igned  b r i e f i n g  form. 

H o l e  was tagged  a t  158 f e e t .  A p p r o x i m a t e l y  1863 c u b i c  f e e t  ( 4  t r u c k  
l o a d s )  o f  NTS f i n e s  sand was poured i n t o  t h e  h o l e .  The h o l e  was t h e n  
tagged  a t  87 f e e t .  T h i s  g i v e s  a  t o t a l  sand column o f  71 f e e t .  

PROBLEMS : 

There was a  prob lem w i t h  g e t t i n g  sand loaded  o n t o  t h e  t r u c k s .  T h i s  
r e s u l t e d  i n  a  t o t a l  d e l a y  o f  2 hou rs .  The t r o u b l e  was a t t r i b u t e d  t o  t h e  
Area 1  Shaker P l a n t  where t h e  t r u c k s  were l oaded .  S ince  t h e  p l a n t  had 
been unused f o r  some t i m e ,  excess m a t e r i a l  was p l u g g i n g  t h e  p i p e s .  
O t h e r w i s e  t h e r e  were no problems. 
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REYNOLDS ELECTRICAL AND ENGINEERING COMPANY 
ENVIRONMENTAL REMEDIATION SECTION 

U - 3 f i  WASTE UNIT CLOSURE 
DAILY REPORT - DAN TOBIASON 

DATE: September 1 2 ,  1995 

PERSONNEL ON SITE: 

Dan Tobi ason Frank Eck 
N e i l  Campbell Joe Leeming 
Bob Garc ia  Mike Powers 
Louis  South Jose A v i l a  
Jim H o l l e y  

T a i l g a t e  Sa fe t y  B r i e f i n g  was conducted a t  N e i l  Campbell 's o f f i c e .  A1 1 
at tendees s igned b r i e f i n g  form. 

Hole was tagged a t  87 f e e t .  Approximately 982 c u b i c  f ee t  (1 112 t r u c k  
loads)  o f  NTS f i n e s  sand was poured i n t o  t h e  h o l e .  The h o l e  was t hen  
tagged a t  51 f e e t .  Th is  g i ves  a t o t a l  sand column o f  107 f e e t .  

A t o t a l  o f  54 cub i c  yards  (9 t r u c k  loads)  o f  g r o u t  was poured i n t o  t h e  
ho le .  The h o l e  was tagged a t  6 f e e t  below ground surface. Th i s  g i v e s  a 
t o t a l  g r o u t  column o f  45 f e e t .  

PROBLEMS : 

No p rob l  ems were encountered. 
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REYNOLDS ELECTRICAL AND ENGINEERING COMPANY 
ENVIRONMENTAL REMEDIATION SECTION 

U - 3 f  i WASTE UNIT CLOSllRE 
DAILY REPORT - DAN TOBIASON 

DATE: ~ e ~ t e m b e r  13, 1995 

PERSONNEL CIN S I T E :  

Dan Tobiason Mike Powers 
N e i l  Campbell  G a b r i e l  K l  i n e  
Jim H o l l e y  John Donahue 
M e r l  e  Cromwel 1  Bobby W i  tt 
W i l l i e  Chesser D.G. M i l l e r  

T a i l g a t e  S a f e t y  B r i e f i n g  was conducted a t  N e i l  Campbel l 's  o f f i c e .  A1 1  
a t t e n d e e s  s i g n e d  b r i e f i n g  form. 

The h o l e  was f i l l e d  w i t h  8 c u b i c  ya rds  o f  c o n c r e t e  t o  a p p r o x i m a t e l y  6 
i n c h e s  be low r i m  o f  casir rg.  Survey monument was p l a c e d  and c e n t e r e d  on 
c a s i n g .  

Fenc ing,  g a t e ,  pos ts ,  and cover  were removed. 

Concre te  forms were s e t  and cen te red  around h o l e  and squared t o  N o r t h .  

PROBLEMS: 

No prob lems were encountered.  
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REYNOLDS ELECTRICAL AND ENGINEERING COMPANY 
ENVIRONMENTAL REMEDIATION SECTION 

U -3 f i  WASTE U N I T  CLOSURE 
DAILY  REPORT - DAN TOBIASON 

DATE: September 14, 1995 

PERSONNEL ON S I T E :  

Dan Tobiason A r l e n  Rogers Loui  s  Washington 
Ne i  1  Campbell G a b r i e l  K l  i ne S c o t t  Wool sey 
J i m  H o l l e y  Lure James Gary Olson 
Bobby W i  t t  Lou is  South Robert  Rogers 
D.G. M i l l e r  Char1 i e  Smith R i  chard 01 son 
B i l l  Neal Fred Benabi se 

T a i l g a t e  S a f e t y  B r i e f i n g  was conducted a t  t h e  j o b  s i t e .  A l l  a t tendees 
s igned  b r i e f i n g  form. 

RSN Survey l o c a t e d  fence boundar ies  and p laced  brass survey marker i n  
t o p  o f  monument. 

Wi re  mesh was p laced  i n s i d e  forms p r i o r  t o  pour ing  concre te .  

Approx imate ly  9  c u b i c  ya rds  o f  c o n c r e t e  was poured f o r  t h e  pad. The pad 
was l e v e l e d ,  f i n i s h e d ,  and sea l  a n t  was appl  i e d .  

Fence l i n e s  were l a i d  o u t  and p o s t  l o c a t i o n s  were marked f o r  
i n s t a l l  a t i o n  o f  f e n c i n g .  

PROBLEMS : 

No problems were encountered. 
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APPENDIX D 

INDEPENDENT ENGINEER 'S  NTS DA IL  Y R IG  
OPERA TIONS REPORTS 

UNCONTROLLED When Printed



t FROM: RSN NTS 

Nevada Test Slte Daily RJg Optratlons 

nm. Lor: 

1.0 Hrs, - Health and safe ty  rneetlng. 

1.0 Hrs. - Riq UP RCS. 

hhlals: 

JCH 
DW 

Thursday 

0.5 Hrs. - RCS blowing 150 ftS o f  20/40 sand down hole:  t o p  o f  waste a t  180'.  

t o p  o f  sand a t  179'.  with t a g  l ine  at 1010 hours. 

Date: 

09/07/95 
Strtlon: 

U - 3rd 
Pmsmt activity; 

No A c t i v i t y  

- - - 

2.5 Hrs. - Wait on 20/40 sand from RCS. 

Tlmr: 

0700 Hrs. 

0.5 Hrs. - RCS blowing 150 ft3 of 20/40 sand down hole from 179' t o  173'. Tag 

Pig: 

with tap  l i n e  a t  1320 hours 

User. 
DOE 

0.5 Hrs. - RCS cementing with 108 ft3 o f  HTHSG (cc-1) from 173' t o  169'. Cement 

MM: 

In M. From. to 

i n  place a t  1400 hours. Tag w i th  t a g  l i n e .  

Sururys: 

Might on blt: 

, K CFM at PSI 

18.0 Hrs.- No a c t i v i t y .  .. 

Bit d2r: 

No. of camp. 
on bc. 

Uelng: 

Roe: (ft/hr) ToW depth: 

type fluid: 

GPM h: 

RPM: 

Laet caslrtg &e: 

72" -74" 
GPM 09& Depth: 

232 ' 
Holr Prwram total depth: 

UNCONTROLLED When Printed



i 
Raytheun Services Nevada 2 6 Page - of - 

Nevada Test Site Daily Rig Operations a 

Tlme Lg: 

FRIDAY - 09/08/95 - 0700 Hrs. 

7.5 Hrs. - Waiting on cement. Run tag l i ne  t o  top  of cement a t  168'. 

b y :  

Monday 

1.5 Hrs. - Safety meeting. RCS cementing with 324 f t ' o f  HTHSG (cc-1) from 

nrm: 

0700 Hrs. 
Date: 

09/11 /95 

168' t o  158' ; cement i n  place a t  1540 hours. Tag w i th  tag 

InHldr: 

JCH 

Station: 
U-3f i  

Fhaent .ctivity: 

Waiting on Cement 

1 ine;  to^ o f  'cement a t  158'. 

15.0 Hrs. - W a i t  on cement 

Fig: 

RSN 2 4 0  (2182) 

Usrr: 
DOE 

Drllkd: 

in Hn. From to 

Bit size: 

Survsys: 

Weighton bit: 

K (X.4 at PSI 

No. ol wmp. 
on loc: 

Uslng: 

Totrl depth: 

Type fluid: 

GPM in: Last casing size: 

72" - 74" 
GPM out: 

Rap: (tVhr) FIPM: 

Dspth: 

232 ' 

Hole Program total depth: 

UNCONTROLLED When Printed



&ytbeon Sewices Nevada Page - 3 o( - 4 

Nevada Test Slte Dally R1g Operatforu 

3.0 Hrs. - Safety meeting. Wait on NTS fines stemning mater ia l .  Run t a g  

l i n e  t o  top o f  cement a t  158'. 

ay: 
Tuesday 

0.5 Hrs. - S t m i n g  w i t h  NTS f i nes  - 40.000 1  bs: run tag l i n e  t o  t o p  o f  sand 

Tim: 

0700 Hrs. 
Dam: 

0911 2/95 

1.5 Hrs. - W a i t  on s t m i n g  sand. 

h m  

JCH 

Slttion: 
U - 3 f i  

-.ecMty: 

No A c t i v i t y  

2.5 Hrs . - Stemninq w i t h  NTS f i nes  - 146.440 1  bs : run taq 1  i ne t o  t o p  o f  

sand a t  87 ' . 

W: 

- 

3.0 Hrs. - Wait on stemning sand. 

W r :  
DOE 

13.5 Hrs . -  No a c t i v i t y .  

Mkd: 

In h F n w n  to 

Total NTS f ines used 09/11/95: 186.440 lbs .  

Su~y.y): 

Wlg ht on blt 

K CFMd PSI 

RPY: BH rho: 

No. d amp. 
on kc. 

Wng: Typr Cl& 

Total d.pth: 

~ast casing dze: . 

72" - 74" 
Depth: 

232 ' 

GPM tn: 

WW 

Hole Program total dew: GPM out: 

UNCONTROLLED When Printed



Baytheon Services ilevada 3 5 Page - d - 

Nevada Test Site Daily Rlg Operations 

my: 
Wednesday 

I I I 

Dab: 

09/13/95 

1 . 5  Hrs .  - Safety meeting. Run tag l i n e  t o  top  o f  sand a t  87 ' .  

u8.C 

DOE 
stdon: 

U - 3 f i  

In HR. From to 

I I I 

1 .0  Hrs .  - Stemning 72". casing w i t h  NTS f ines (sand). From 87' t o  51' used 

nma: 
0700 Hrs. 

wo: 

m: 
K CFMa Psl 

98.262 l bs .  o f  sand. Run tas  l i n e  t o  top  o f  sand a t  51'.  

httlda: 

JCH 

w w s  

No A c t i v i t y  

No. of oanp. 
on kc. 

wng: 

GPM In: 

1.5  Hrs . - Wait on grout from Area 12. 

4.5 Hrs .  - Grout ins ide o f  74" casinq from 51' t o  6 '  w i t h  1458 ft3 o f  
a 

T p  fiuld: 

Lscrt casing the: GPM wt: 

HTHSG (cc-1).  Cement i n  place a t  1525 hours. 
- -  - - -- 

15.5 'Hrs . -  No a c t i v i t y .  

EUt 8kr: 

Depth: 

Total depth: ROP: 0 

Hole Program total depth: 

RPIk 
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Raytheon Services new- 2 2 Page -d - 

Nevada Test Slte Daily Rig Operations 

Station: 
U-3f i  I U.r: DOE 

b.v: 
Thursday 

Tlmr: 

0700 Hrs. 
Oak: 

09/14/95 

hr ~ n .  ~ r o m  to I K mat PSI 

InHlrlr: 
JCH 

Pmerltacthrity. 

No A c t i v i t y  

0.5 Hrs. - Safetv meetins 

Drllkd: Mightonbit 

I 

I I I 

0.5 Hrs. - Grout ins ide o f  74" casing wi th REECo red mix - used 179 ft3 from 

BH h: 

6 '  t o  G. L .  Cement i n  place a t  1050 hours. NOTE: Per M r .  Kudak, 

i t  i s  acceptable t o  use REECo red mix. 

Last casing dze: 

72" - 74" 
bpth: 

232 ' 
GPM in: 

1.0 Hrs. - Set i n  marker pedestal. 

RPM: ToWdopth: 

Hole Ro~ra rn  total depth: GPM out: 

22.0 H rs . -  No a c t i v i t y .  

m(nM 

RSN 240 I2182l 
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i' 1 2 Page - of - 

Nevada Test Site Daily Rig Operations 

Tlme Log: 

FRIDAY - 0911 5/95 - 0700 Hrs. 

5.0 Hrs . - Bui ld  form around we1 1 and pour cap over we1 1. Used REECo 9 cy) 

b y .  
Monday 

of REECo Redi -M ix .  Marker pedestal 4 '  1-1/2" above cement pad. 

Tlme: 

0700 Hrs. 
Date: 

0911 8/95 

19.0 Hrs. - No a c t i v i t y .  8 

InMalr: 

JCH 

Station: 
U-3f i  

Resent activity. 

No A c t i v i t y  

Pig: M r  : 
DOE 

alllad: 

in Hra. From to 

Bit dze: 

WelgM on bit 

K mat PSI 

Surveys: Using: M. of camp. 
on lac: 

Total depth: 

Type fluid: 

Depth: 

232 ' 

Last casing size: 

72" - 74" 
GPM in: 

ROP: (ftm 

Hole Program total depth: GPM out: 

RPM: 

UNCONTROLLED When Printed



APPENDIX E 

DRY M TERIALS BATCH WEIGHT CERTIFICATIONS 
AND MTERIAL WEIGHT SHEETS 
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FROM: RSN NTS 

HOLE: bL3.F 7 DATE: - 
- 

MIXTURE DESIGN; &-/ M.5 r- C /CC .- / TRUCK NO.: 

BATCH SIZE (FT'): &/- -- T E A R  

CHEM COMP POUNDS 

TYPE I I  POUND3 

FLY ASH POUNDS 

A 1  CONCRETE SAND POUNDS 

0.1 9 POUNDS 

MIX TIME HOUR 1 DATE 

GROUT TEMP - a OF 

WATER 

ICE 

-12 BARRELS 

-+-I POUNDS 

WES REPRESENTATIVE 

US.4E Waterways Experilncnl Slalion, CE 
Corlcrele Laboratory Grouting Branch 
P 0 Box 700 
IAerctrry, Novada 89023 

Raytheon Sorvlcbs Novada 
P. 0. Hox 328 
Mall Stop 605 
Merctrry, Nevada 89023 

UNCONTROLLED When Printed



FROM: RSN ?4TS 

HOLE: / J g - F . c  - - .- . - -- DATE: 

MIXTURE DESIGN; ) 1 TRUCK NO.: 

BATCH SIZE (FT'): /4/2 --- T E A R  

CHEM COMP 

TYPE 11 

- POUNDS 

-- -- POUNDS 

W 4 0  - . -- . . - - -- POUNDS 

FLY ASH POUNDS 

A 1  CONCRETE SAND POUNDS 

0.19 - - POUNDS 

PLASTIMENT ,/y ~URR-----~C/ 

MIX TIME 

WEIGHTIGAL 

GROUT TEMP 

WATER 

ICE 

. - - . - -- -- . - 

HOUR I DATE . .  

--.- -. 12 2 POUNDS 

5b . .~ -- .- . " F 

/z.- BARRELS 

-- - POUNDS 

W t S  REPRESENTATIVE 

CIS.4E Waterways Experirncnt station, CE 
Soricrete Laboralory * Grouling Branch 
I]. 0 Box 700 
tdercury. Novada 89023 

I?aylhaon Sorvlcfis N o v ; ~ J a  
P.  0. Box 328 
Mall Slop 605 
~ c r c u r ~ ,  Nevada 89023 UNCONTROLLED When Printed



FROM: RSN :4T5 TO : 2SI.I :'- i DR I I. L I bIG MRY 9. 1995 4:I?PM 2 

DATE: f /A 'f_? 

- 
MIXTURE DESIGN: /iC/ // 5 (; TRUCK NO.: 

CHEM COMP - POUNDS 

TYPE II --- POUNDS 

W-60 ----- POUND8 

FLY ASH POUNDS 

A 1  CONCRETE SAND POUNDS 

0-1 9 --- POUNDS 

PLASTIMENT - -. - -. - POUND8 

MIX TIME , ? HOUR I DATE 

WEIGHTIGAL - -  - Po"NDs 

GROUT TEMP . - - - - - . - 5a O F  

WATER --- . 1 BARRELS 

ICE POUNDS 

a W t S  REPRESENTATIVE 

US.4E Waterways Experirncnl Sla(ion, CE 
Corlcrele Laboratory 4 Grouling Branch 
1' 0 Box 700 
t,lercury. Novada 89023 

u 
l inythocn S o t v l c ~ s  !duvaila 
P. 0.  Box 328 
Mall Slop 605 
Mercurj, Nevada 89023 UNCONTROLLED When Printed



FROM: RSN NTS TOZRSN Q-1 D R I L L I N G  MQY 9. 1995 4 : 1 2 P M  E318 F 

- .  - 
/J 7/ L - HOLE: DATE: 

MIXTURE DESIGN; / / ~ k  3 r- r , TRUCK NO.: 
/ .  - 

BATCH SIZE (FT'): /.L Z--- T E A R  

CHEM COMP POUNDS 

TYPE II POUNDS 

W-BO POUND8 

FLY ASH POUNDS 

A 1  CONCRETE SAND POUNDS 

' MIX TIME 

WEIGHTIGAL / 7. W POUND^ 
f' 

GROUT TEMP - - . & &  "F 

WATER 9 BARRELS 

ICE && POUNDS 

WES REPRESENTATIVE 

USAE Waterways Experirncnt Station, CE 
Corlcrele Laboratory Grouting Branch 

. P. 0 Box 700 
FAercury. Novada 89023 

Raythem Sorvlc6s Novada 
P. 0.  Box 328 
Mall S lop 605 
Mercury, Nevada 89023 UNCONTROLLED When Printed



HOLE: B-F-- 7 .... 

MIXTURE DESIGN; / TRUCK NO.: 

CHEM COMP - POUNDS 

TYPE II - -- POUNDS 

W-60 - -- - --- POUND8 

FLY ASH POUNDS 

A 1  CONCRETE SAND IPOUNDS 

D-19 ---A POUNDS 

PLASTIMENT 

MIX TIME 

WEIGHTIGAL 

GROUT TEMP 

WATER 

ICE 

/ HOUR I DATE 

. POlJNDS 

. - - - - - -. . - - -go " F  

. . ,  BARRELS 

----a POUNDS 

WES REPRESENTATIVE 

LISAE Waterways Experirncnl Slalion, CE 
Coocrele Laboralory r Grouting Branch 
P.  0.  Box 700 
ttlercury, Novada 89023 

Raylhoon Sowlccjs Nov:ida 
P. 0. Box 328 
Mall :.top 605 
Mercury. Nevada 89023 UNCONTROLLED When Printed



tXOU: HSN :4TS 

! 

HOLE; /j.T/=-J 
- 

- - . - - - DATE: +d&-&? 
MIXTURE DESIGN; / TRUCK NO.: 

BATCH SIZE ' T E A R  -- 

CHEM COMP POUNDS 

TYPE II -- -- POUNDS 

W-80 ----- POUNDS 

FLY A S H  POUNDS 

A 1  CONCRETE SAND POUNDS 

0.1 9 -- _ .  POUNDS 

PLAST IMENT ----w /' ~ c S ; Z -  

MIX TIME 2 ' HOUR 1 DATE 
/ 

WEIGHTIGAL POUNDS 

GROUT TEMP .--..-& 'F 

WATER - /A3 BARRELS / o  

ICE -- &BE POUNDS 

WES REPRESENTATIVE 

USAE Waternays Experirncnl Station, CE 
~ o r i c r e t e  Laboralory Grouting Branch 
P.  0. Box 700 
tAercury, Novada 89023 

Raytheon Sorvlcss Novada 
P. 0. Box 328 
Mall Stop 605 
Mercury. Nevada 69023 UNCONTROLLED When Printed



FROM: RSN ,'4T3 NRY 9% 1995 4:1?PN J312 2 

HOLE: - .- .-- 

/ 

MIXTURE DESIGN; / TRUCK NO.: 

CHEM COMP POUNDS 

TYPE II --- POUND8 

FLY ASH POUNDS 

A 1  CONCRETE SAND POUNDS 

0.1 9 -- POUNDS /" 
PLASTIMENT 

MIX TIME 

WEIGHTIGAL 

GROUT TEMP 

WATER 

ICE 

,-. ....... 

2 HOUR I DATE 

__/,7. POUNDS 

/&3 BARRELS -...- 

---A 
POUNDS 

WES REPRESENTATIVE 

USAE~ waterways Experirncnl Slalion, CE 
Corlcrele Laboratory Grouting Branch 
P. 0. Box 700 
tAercury, Novada 89023 

VCRIFIED OY 

Raytheon S O ~ V ~ C ~ S  Novada 
P. 0. Box 328 
Mall Slop 605 
Mercury, Nevada 89023 UNCONTROLLED When Printed



HOLE: ,- - .- /- 
-- -- ---- DATE: 

MIXTURE DESIGN: 1 TRUCK NO.: 

CHEM COMP POUNDS 

TYPE II --- POUNDS 

W 4 0  - .- . -. ---- POUND8 

FLY A S H  POUNDS 

A 1  CONCRETE SAND POUNDS 

D-19 - POUNDS 

PLASTIMENT 

MIX TIME , HOUR I DATE 

GROUT TEMP 56 O F  

WATER - ./O-d BARRELS 

ICE - POUNDS 

WES REPRESENTATIVE 

USAE Waterways Expr i rncnt  Station, CE 
~orldrele Laboratory Grouling Branch 
P. 0. Box 700 
tAercury, Novada ,89023 

Raytheon Sorvlcss Novada 
P. 0.  Box 328 
Mall Slop 605 
Mercury, Nevada 89023 UNCONTROLLED When Printed



FR0M:RSN ;4TS TO : RSN 2- 1 DR I I-L I NG MAY 9. 1995 4:1.?pM ~ 3 1 g  

HOLE: [/ 3 FZ- - - . . - - - DATE: ~L&F~.-  
/ 

MIXTURE DESIGN: / k G  TRUCK NO.: 

BATCH SIZE (FT'): / A  

CHEM COMP POUNDS 

TYPE II --- POUND8 

W-60 
-----A POUND8 

FLY ASH POUNDS 

A1 CONCRETE SAND POUNDS 

D-19 - POUNDS 

PLASTIMENT -- / P4wM.38- 6-d 

MIX TIME HOUR I DATE 
I ,  

WEIGHTIGAL -- d2 2 POUNDS 

GROUT TEMP --.-- A of 

WATER /~ . ,3  BAffRELs 

ICE POUNDS 

WES REPRESENTATIVE 

USAE Waterways Experirncnf Station, CE 
Cor~crele Laboralory Grouling Branch 
P. 0. Box 700 
Mercury, Novada 89023 

VERIFIED BY 

Raythson Sorvlc6s Novada 
P. 0. Box 328 
Mall Slop 605 
Mercury, Nevada 89023 UNCONTROLLED When Printed



Fi?OM: RSN i dT5  TOCZSN 2-1 D R I I - L I N G  MRY 9. 1995 4:1,?PM ;318 

HOLE: d 3 ~ - ~  .- --- 

MIXTURE DESIGN: M/ & -- 
BATCH S U E  (FT'): /L 7 - . 

CHEM COMP 

TYPE II 

TRUCK NO.: 

' T E A R  -- 
, 

POUNDS 

-- POUND8 

FLY ASH POUNDS 

A 1  CONCRETE SAND POUNDS 

D.19 - POUNDS 

PLASTIMENT -- 

t 

MIX TIME f i  /,'so HOUR I DATE 

WEIGHTIGAL - POUNDS 

GROUT TEMP 5'0 O F  

WATER . .  BARRELS 

ICE - -  PoU~Ds 

WE5 REPRESENTATIVE 

USPIE Waterways Exper~rncnt Stalion, CE 
Corlcrele Laboralory Grouling Branch 
P. 0. Box 700 
tAercury, Novada 89023 

Raylhecrn S O N ~ C ~ S  Novada 
P. 0. Box 328 
Mall Slop 605 
Mercury, Nevada 89023 

UNCONTROLLED When Printed



DATE: &L 
MIXTURE DESIGN; TRUCK NO.: 

BATCH SIZE (FT'): ,/ X L I - - T E A R  

CHEM COMP POUNDS 

TYPE II - POUND8 

W-80 ----- POUNDS 

FLY ASH POUNDS 

A 1  CONCRETE SAND POUNDS 

D-19 POUNDS 

PLASTIMENT 

MIX TIME A-q a HOUR I DATE 
V' 

WElGHTlGA L --- . POUNDS 

GROUT TEMP 

WATER BARRELS 

ICE -La&- POUNDS 

WES REPRESENTATIVE 

USAE Waterways Experirncnt Station, CE 
Corlcrete Laboralory r Grouting Bransh 
P. 0. $ox 700 
tdercury, Novada 89023 

Ray\hhn Sorvlcbs Novada 
P. 0. Box 328 
Mall Stop 605 
Mercury, Nevada 89023 

UNCONTROLLED When Printed



, ,,L,,,.,~.3,y .?I.> ,LJ .K>N 8 - 1  1lHII.L iNG MRY 9 8  1995 4:1\?PN ~ 3 1 3  = 

HOLE: --JLL~&~ -- DATE: &A& 
/ - 

MIXTURE DESIGN; H/ &. f/9, - C [c c] 1 TRUCK NO.: 
\ d 

CHEM COMP POUNDS 

TYPE I1 - .- POUNDS 

FLY ASH POUNDS 

A 1  CONCRETE SAND POUNDS 

D-19 - POUNDS 

L IY - 
MIX TIME HOUR I DATE 

WEIGHTIGAL --..d-- POUND8 

GROUT TEhlP -. -- - -- - 
O F  

WATER -- . BARRELS / -// 6 4- 

ICE ---A- POUNDS 

WES REPRESE'NTATfVE 

USAE Waterways Experirncnt Stalion, CE 
Cor~crete Laboralory * ~ rou l ing  Branch 
P. 0. Box 700 
IAercury, Novada 89023 

VERIFIED DY 

Raylheon Sorvlc6s Novsda 
P. 0. BOX 328 
Mall Stop 605 
Mercury. Nevada 69023 UNCONTROLLED When Printed



Reynolds Electrical 8 Engineering Co., lnc. 
. - 

CEMENT MATERIAL WEIGHT SHEET 

CONTROL NO. 

,- -. 7 c:. d -  

DATE - 
-7- 

/ -I LOCATION o.,:/- r USER 
, - -, ,'/ 

LlNlT NO. ..'/?/? DRIVER 1- .- 

FRONT TIER 

PRODUCT #I 
PRODUCT #2 
PRODUCT #3 
PRODUCT #4 
PRODUCT #5 
PRODUCT #5 
ADDITIVE #I 
ADDITIVE #2 
ADDITIVE #3 
ADDITIVE #4 

TOTALS 

/ 2 /.- 
SILO NO. TYPE - - -- 
SILO NO. - TYPE 
SlLO NO. - TYPE 
SlLO NO. - TYPE 
SlLO NO. - TYPE 
SlLO NO. - TYPE 

TYPE 
TYPE 
TYPE 
TYPE 

CU.FT.SLURRY 7"G 

WEIGHT 2 c c.C c 
WEIGHT 
WEIGHT 
WEIGHT 
WEIGHT 
WEIGHT 
WEIGHT 
WEIGHT 
WEIGHT 
WEIGHT 

REAR TIER 

3 .  (- 
SLURRY TYPE J o  3 c.,  

PRODUCT #1' 
PRODUCT #2 
PRODUCT #3 
PRODUCT #4 
PRODUCT #5 
PRODUCT #5 
ADDITIVE #I 
ADDITIVE #2 
ADDITIVE #3 
ADDITIVE #4 

TOTALS 

SlLO NO. TYPE ' =A. 
SlLO NO. - TYPE 
SlLO NO. - TYPE 
SlLO NO. TYPE 
SlLO NO. - TYPE 
SlLO NO. - TYPE 

TYPE 
TYPE 
TYPE, 
TYPE 

CU. FT. SLURRY 5.. 

- 
WEIGHT ' c .. c ,  u . . 
WEIGHT 
WEIGHT 
WEIGHT 
WEIGHT 
WEIGHT 
WEIGHT 
WEIGHT 
WEIGHT 
WEIGHT 

WEIGHT /.I,/ cj 0 

TlME STARTED 

TlME ENDED 
/ 

BATCH NO'S. ./ ,/ Z- 
,' b . -  . . - 

/-- J 

, . _ --\ BULK PLANT OPERATOR '-*; 
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Reynolds El~ctrical 6 Engincoring Co., lnc. 

CEMENT MATERIAL WEIGHT SHEET 

CONTROL NO. 
-I- 

DATE / -  9f LOCATION (A ? FT USER qf 

UNIT NO. # DRIVER 
. I  

-- 

- "-----~BNFuE~ 
- -. 

LIRRY TYPE / / ~ > / J C  - r c - / 
CW \ / PRODUCT #I  

PRODUCT #2 
PRODUCT #3 
PRODUCT #4 
PRODUCT #5 
PRODUCT #5 
ADDITIVE # I  
ADDITIVE #2 
ADDITIVE #3 
ADDITIVE #4 

i SlLO NO. - 
SlLO NO. /7 
SILO NO. TYPE WEIGHT ' / 83  5- 
SlLO NO. 3-7 

7 1 SILO NO. TYPE c c / WEIGHT 2 7 

SILO NO. TYPE WEIGHT ' 
TYPE WEIGHT - 

TYPE D-/F -' WEIGHT / G O  
TYPE WEIGHT 
TYPE WEIGHT 

I ~ U .  R. SI,URR~ -r$ 7! ' W E I G H F [ \ . / ~ Y ~  3 
+*--- 1-- . -  , +*- -x' '/ - , - - - \ " 

<. 
- 

BEAR 'TIER - - 
- - -.- 

,' I,,// SLURRY TYPE //7kl!r~ - C C  - 1 
< 
? 

\ 

'. 

PRODUCT #1 
PRODUCT #2 
PRODUCT #3 
PRODUCT #4 
PRODUCT #5 
PRODUCT #5 
ADDITIVE #1 
ADDITIVE #2 

., ADDITIVE #3 
-. ADDITIVE #4 
\ 

SILO NO. 
SlLO NO. 
SlLO 
SlLO NO. 
SlLO NO. 
SlLO NO. 

1 WEIGHT YJ6 C, "\ 

/ 7  
2 7 WEIGHT 
33 \ 

- TYPE WEIGHT - \, 
TYPE WEIGHT 
TYPE D-/v WEIGHT /oc3 
TYPE WEIGHT I - ,-- TYPE WEIGHT 

C' i 
CU. R. SLURRY /6 

* /d -g  , 
__.- - ----- . .&, -- . . - .--- --- -_ 

. . .. - . . 
TlME STARTED. - - - 

TIME ENDED I 
BATCH NO'S. 7-t /6 
BULK PLANT OPERATOR 

/ 
/ 

INSPECTOR I UNCONTROLLED When Printed



Reynolds Electrical b Engineering Co., l nc. 

CEMENT MATERIAL WEIGHT SHEET 

CONTROL NO. 

.- i / 
DATE g77,r/ 9 $- LOCATION & 47f-r USER 

UNIT NO. r"'/'7' :7 DRIVER L ~ G  4 

FRONT TIER 

SLURRY TYPE 

PRODUCT #1 SILO NO. - TYPE WEIGHT 
PRODUCT #2 SILO NO. - TYPE WEIGHT 
PRODUCT #3 SILO NO. - TYPE WEIGHT 
PRODUCT #4 SILO NO. TYPE WEIGHT 
PRODUCT #5 SILO NO. TYPE WEIGHT 
PRODUCT #5 SILO NO. - TYPE WEIGHT 
ADDITIVE #1 TYPE WEIGHT 
ADDITIVE #2 TYPE WEIGHT 
ADDITIVE #3 TYPE WEIGHT 
ADDITIVE #4 TYPE WEIGHT 

TOTALS CU. FT. SLURRY WEIGHT 

REAR TIER 

SLURRY TYPE 

7 / 

PRODUCT #1 7 G (C  WEIGHT / j  c ) ~ .  i~ , -- 
SILO NO. L TYPE 

PRODUCT #2 SILO NO. - TYPE WEIGHT 
PRODUCT #3 SILO NO. TYPE WEIGHT 
PRODUCT #4 SILO NO. - TYPE WEIGHT 
PRODUCT #5 SILO NO. - TYPE WEIGHT 
PRODUCT #5 SILO NO. TYPE WEIGHT 
ADDITIVE #1 TYPE WEIGHT 
ADDITIVE #2 TYPE WEIGHT 
ADDITIVE #3 TYPE WEIGHT 
ADDITIVE #4 TYPE WEIGHT 

TOTALS CU. FT. SLURRY ./>-<J WEIGHT 1 f LJCL 

TlME STARTED 

TlME ENDED 

BATCH NO'S. / 
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Reynolds Electrical & Engineering Co., Inc. 

CEMENT MATERIAL WEIGHT SHEET I 
. . CONTROL NO. . .~ ~ ~ --- .- -- - . -- ~ - - - - - .- 

- 
DATE 9- //- 9-5 LOCA1-ION USER I 

/ 
UNIT NO. F /  7 v$ DRIVER 

FRONT TIER 

SLURRY TYPE 

PRODUCT #1 
PRODUCT #2 
PRODUCT #3 
PRODUCT #4 
PRODUCT #5 
PRODUCT #5 
ADDITIVE #1 
ADDITIVE #2 
ADDITIVE #3 
ADDITIVE #4 

TOTALS 

SLURRY TYPE 

PRODUCT #1 
PRODUCT #2 
PRODUCT #3 
PRODUCT #4 
PRODUCT #5 
PRODUCT #5 
ADDITIVE #1 
ADDITIVE #2 
ADDITIVE #3 
ADDITIVE #4 

TOTALS 

SlLO NO. - TYPE 
SlLO NO. - TYPE 
SlLO NO. - TYPE 
SlLO NO. . TYPE 
SlLO NO. - TYPE 
SlLO NO. - TYPE 

TYPE 
TYPE 
TYPE 
TYPE 

CU. FT. SLURRY 

REAR TIER 

WEIGHT 
WEIGHT 
WEIGHT 
WEIGHT 
WEIGHT 
WEIGHT 
WEIGHT 
WEIGHT 
WEIGHT 
WEIGHT 

WEIGHT 

SILO NO. /3 TYPE r 
SlLO NO. TYPE 
SlLO NO. - TYPE 
SlLO NO. TYPE 
SlLO NO. TYPE 
SlLO NO. - TYPE 

TYPE 
TYPE 
TYPE 
TYPE 

WEIGHT 2 0 n r " ~  

WEIGHT / - 
WEIGHT 
WEIGHT 
WEIGHT 
WEIGHT 
WEIGHT 
WEIGHT 
WEIGHT 
WEIGHT 

CU. FT. SLURRY 7 0 0 WEIGHT 70 

I 1-1 M E STARTED I 
TIME ENDED 

BATCH NO'S. 1 

BULK PLANT OPERATOR 

INSPECTOR I UNCONTROLLED When Printed
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REMARKS: Aj6 LOG # 1716 
WITHIN SPECIFICATION REQUIRED STRENGTH 

Date Molded: 917 & 12/95 
Date Received: 09/1 3/95 
Project: U3FI 
Lotoff'hcmmt AREA 3 . 

Specimen Made by: J. HOLLEY 
Mix W: HTHSG (CC-1) 

I 
Checked by: Date: /6-3/- 93- 

Time Molded: 1510,1540/1115,1235,1525 
Time Stripped: BREAK DAY 
Area A3 
Quantlty Represented (cu yds): N/A 
Batch Plant Inspector: N/A 
Required Strength (psi): 3000 @ 3 DAYS 

CC: 

Paae 

J. PEDAUNO R.S.N. 
R. HUNTER R.S.N. 
G. HUDAK R.S.N. 
PROJECT FILES 
MTL GPP FILES 

1 of 1 

ADJUSTED MIX 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

MATERIALS 

CHEM COMP 

FLY ASH 

SAND 20140 

SILICA FLOUR 

GEL 

PSP 

PLASTlMENT 

WATER 

N/A 
N/A Concrete Temp.(F): NIA Slump: NIA 

Dial Caliper, PTL # Y4480 Calibration Date: 04/03/95 Calibration Due: 04/03/96 

ORIGINAL MIX DESIGN 

30.00 PCF . . 

10.00 PCF 

29.83 PCF 

23.25 PCF 

1 .40 PCF 

0.62 PCF 

0.96 FL OZ 

28.00 PCF 
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