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I 7. QA Verification 

I Remarks: 



SOFTWARE CHANGE REPORT (SCR) 

8. Implemented by: 
Scot Painter 

L @ L \  - 

1. SCR No. (Software Developer 
Assigns): SCR-557 

Date: 
Various 

2. Software Title and Version: 
Multiflo V2.0 

I 

3. Project No: 
20.06002.01.21 4 

Output and input for the acceptance test problems are on the archived disk. 
I 

4. Affected Software Module(s), Description of Problem(s): 

The following problems have been identified with V2.0. Revised code will be released as V2.0.1. 

(1) Ionic strength calculation in gem is causing failure for concentrated solutions. Need to introduce 
limit. Requires change to gem/gameq and gem/gamex 

(2) boundary conditions not correct in 2-d and 3-d for conduction only runs in metra. Requires one line 
change in metrakond. 

(3) Mole fraction of air in liquid not set properly at boundary for saturated boundaries. Requires change 
to metra/setbc. 

(4) Small changes required in metrdupdtpsk and metrahpdtvpk to improve stability following a phase 
change. 

(5) Excessive run times for unstructured grids have been observed. Numerical experimentation 
demonstrates that reordering of nodes will fix the problem. Need to provide an option for reordering 
nodes at the solver level. This change will require WATSOLV to be replaced. 

(6) Monitored nodes not accessed correctly in emip in DCM simulations. Small change to emip.f is 
required. 

5. Change Requested by: 

S c o t t P a i L C  - - 
Date: February 11,2005 

6. Change Authorized by (Software Develope$ 
Scott Painter 

Date: February 11,2005 

7. Description of Change@) or Problem Resolution ( I f  changes not implemented, please justify): 

All problems corrected. Required change to gem/gameq, gem/gamex, gem/allotgem, gemhead1 , 
metrakond, metra/setbc, metrahpdtpsk, metrahpdtvpk, metra/allot, metrahecdat, and metrdemip. 
Also required WATSOLV to be replaced by fortran 90 module. Corrected code will be released as 

10. Tested by: Date: 
Scott Painter March 10,2005 

CNWRA Form TOP-5 (OWOOO 



c 

d:\Mul t i f lo \ rn f lo2 .O. l>d i  r metra\*. f metra\*. h gem\*. f gem\*. h *. f 
Volume i n  d r i v e  D i s  Data 
Volume Ser ia l  Number i s  549A-09EE 

D i rec to ry  o f  d:\Multiflo\mflo2.0.l\metra 

02/21/2005 
03/08/2005 
02/21/2005 
02/21/2005 
02/21/2005 
03/07/2005 
02)21/2005 
02/21/2005 
03/08/2005 
02/21/2005 
02/21/2005 
02/21/2005 
02/21/2005 
02/21/2005 
02/21/2005 
02/21/2005 
02/22/2005 
02/21/2005 
02/21/2005 
02/21/2005 
02/21/2005 
02/21/2005 
02/21/2005 
02/21/2005 
02/21/2005 
02/21/2005 
02/21/2005 
02/21/2005 
03/07/2005 
03/07/2005 
02/21/2005 
03/07/2005 
02/21/2005 
02/21/2005 
02/21/2005 
02/21/2005 
03/07/2005 
03/07/2005 
02/21/2005 
02/21/2005 

04:29 PM 
11:17 AM 
04:29 PM 
04:29 PM 
04:29 PM 
01:42 PM 
04:29 PM 
04:29 PM 
02:oO PM 
04:29 PM 
04:29 PM 
04:29 PM 
0 4 ~ 2 9  PM 
04:29 PM 
04:29 PM 
04:29 PM 
09:27 AM 
04:29 PM 
04:29 PM 
04:29 PM 
04:29 PM 
04:29 PM 
04:29 PM 
04:29 PM 
04:29 PM 
04:29 PM 
04:29 PM 
04:29 PM 
04:39 PM 
01:46 PM 
04:29 PM 
01:39 PM 
04:29 PM 
04:29 PM 
04:29 PM 
04:29 PM 
01:48 PM 
01:48 PM 
04:29 PM 
04:29 PM 

17,203 accm.f 
13,935 a l 1 o t . f  
31,193 bc0nd.f 

32,727 c0efs . f  
21,733 c0nd.f 
18,100 d t s t e  .f 

23,805 emip.f 
18,328 e q u i l  .f 
12,049 9 r i d d a t . f  
55,396 1 n i t . f  
15,956 i n p i f v . f  
52,493 i npmet ra .  f 
22,823 i npwel 1 s . f 
22,782 i t e r . f  
27,748 mainmtra.f 
12,907 openf l  s .  f 
36,182 0utmetra. f  
8,632 outwell s . f 

29,557 p c k r . f  
53,450 p1ots . f  
20,068 ppr0c. f  
9,354 p r i n t s . f  

27,627 p v t . f  
19,446 pv t func . f  
29,376 pvth20. f  
26,420 pv tvp . f  
69,699 recdat . f  
13,530 se tbc . f  
16,424 s l v1p . f  
10,350 so1ve.f 
10,689 s0urce. f  
13,587 th0mas.f 
10,194 t r a n s . f  
8,995 update. f  

16,721 updtpsk. f  
17,562 updtvpk. f  
30,602 u t i 1  .f 
25,820 wel1s. f  

8,095 b l  kdtmet .f 

21,410 ecmtb 7 .f 

D i  rec to ry  o f  d :\Mu1 t i  f lo\mf lo2.O. l \metra 

02/21/2005 04:29 PM 
02/21/2005 04:29 PM 
02/21/2005 04:29 PM 

02/21/2005 04:29 PM 

02/21/2005 04:29 PM 

02/21/2005 04:29 PM 
02/21/2005 04:29 PM 
03/07/2005 01:53 PM 
02/21/2005 04:29 PM 
02/21/2005 04:29 PM 

02/21/2005 04:29 PM 

02/21/2005 0 4 ~ 2 9  PM 
03/08/2005 10:18 AM 

02/21/2005 04:29 PM 

2,541 add.h 
5,002 c0m.h 

503 f r f m t . h  
179 imp1 .h 

2,641 metragem.h 
2,278 para1.h 
2,797 pararntrs.h 
1,085 pckr.h 

565 pvt func.h 
916 p v t t b l  .h 

1,698 sca1ars.h 
2,162 ti t l  e .  h 

266 u n i t s . h  
800 wel1s.h 



. 

54 File(s) 956,401 bytes 

Directory of d:\Multiflo\mflo2.0.l\gem 

03/08/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/07/2005 
03/07/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/04/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/04/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/08/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 

02:35 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
01: 50 
01: 51 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
04: 51 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
04: 54 
02 : 13 
02 : 13 
02 : 13 
12: 52 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
02 : 13 
02 : 13 

PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 
PM 

18,848 a1 1 otgem. f 
7,080 bl kdtgem. f 
15,542 bndc0nd.f 
15,482 cal cpsi . f 
24,264 c0efimp.f 
24,739 c0eftvd.f 
13,174 dataall . f 
44,989 database.f 
15,646 derives . f 
11.434 el echem. f 
115122 eq’ac.f 
39.442 ea 7 ib.f 
12; 108 eqres. f 
4,419 f1ogk.f 
9,938 gameq.f 
10,453 gamextd.f 
23,231 graph1d.f 
29,790 graph2d.f 
22,176 graph3d.f 
7,493 9units.f 
24,005 imp1icit.f 
31,276 imret.f 
49,595 initgem.f 
10,142 i n t e r p f . f  
9,403 i onexc. f 
24,904 kinrxnaq.f 
16,856 kinrxns.f 
10,078 1 i nmonod . f 
12,284 1uslv.f 
24,354 maingem.f 
9,262 massbal . f 
14,316 masstran.f 
67,588 opsp1it.f 
57,144 out em.f 

17,553 pprcgem.f 
48,488 read1.f 
55,443 read2. f 
10,702 setbc0n.f 
7,675 setc0nn.f 
7,558 so1prd.f 
6,897 sol prodt . f 
23,242 solveld. f 
10,700 speciate. f 
3,335 srcgem.f 
16,061 startup.f 
16,150 stdyst.f 
10,690 stepgem.f 
8,044 textab.f 

11,580 transd.f 
8,808 updtgem.f 
30,540 uti1 .f 
6,049 z0nek.f 

8,860 pec 7 etnr.f 

Directory of d:\Mu~tiflo\mflo2.0.l\gem 

03/01/2005 02:13 PM 
03/01/2005 02:13 PM 
03/01/2005 02:13 PM 
03/01/2005 02:13 PM 
03/01/2005 02:13 PM 

2,005 addgem.h 
4,821 c0mgem.h 
289 c0mprs.h 
714 cxkin.h 
142 debye.h 



03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/08/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/01/2005 
03/07/2005 
03/01/2005 

02~13 PM 
02:13 PM 
02:13 PM 
02~13 PM 
02:13 PM 
02:13 PM 
02:13 PM 
02:13 PM 
02:13 PM 
02:13 PM 
10: 18 AM 
02:13 PM 
02:13 PM 
02:13 PM 
02:13 PM 
01:53 PM 
02:13 PM 

75 Fi le(s)  

310 f ie1ds.h 
503 f r f m t . h  
72 gas.h 
114 9mfwt.h 
179 imp1 .h 
210 i 0 u n i t s . h  
716 k i  n e t i  c. h 

2,641 metragem.h 
77 minr1.h 

532 of i1es.h 
2,797 paramtrs.h 
1,486 scal  gem. h 
271 scratch.h 
354 sur fk in .h  
300 tdc0nst.h 

2,214 t i t 1 e . h  
266 u n i t s . h  

1,051,965 bytes 

D i  r e c t o r y  o f  d : \Mu1 ti f l  o\mflo2.0.1 

03/01/2005 0532 PM 21,109 gem.f 
03/07/2005 01:54 PM 28,680 mainmlt i  .f 
03/02/2005 10:33 AM 24,337 metra. f  

3 Fi le(s)  74,126 bytes 
0 Dir(s)  37,725,687,808 bytes f r e e  

d : \Mu1 t i  fl o\mflo2.0.1> 



This f i l e  was created on: Thu Mar 10 11:07:12 2005 

Developed f o r  the  U . S .  NRC 

VERSION 2 .0 .1  

March 2005 

MULTIPHASE-MULTICOMPONENT CHEMICAL TRANSPORT MODEL 

copyright (c) 2000 Southwest Research I n s t i t u t e  
A l l  Rights Reserved 

dcm demonstration w i t h  YM parameters 



c * f i  1 e cond. f 

c Program Name: MULTIFLO/METRA 
c F i le /Subrout ine Name: cond.f/cond.f qc0nd.f 

c Release Date: March 2005 
c Release vers ion:  2.0.1 
c c l i e n t  Name: USNRC 
c c l i e n t  Contact: David Brooks (301-415-6597) 
c Contract  Number: NRC 02-97-009 
C CNWRA Contact: Scot t  Pa in te r  (210-522-3348) 
C 
C San Antonio, Texas 78238-5166 
C spai n teraswr i  . edu 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

Center f o r  Nucl ear waste Regulatory Analyses 

C VERSION/REVISION HISTORY 

c $ Id$  
c $Log$ 

c February 97 Mohan S.  Seth I n i  t i a1 Imp1 ementation 
C Peter C .  L ich tner  
C M a  98 M o h a n  s Seth rev ised  f o r  unstructured g r i d  
C JUyy 01-SCR351: -do- r e v i  sed f o r  boundary b lock storage 
C assignment . 
c February 2005 Scot t  Pa in te r  SCR-557 I t e m  2. Boundary condi t ions 
C f i x e d  f o r  2-d and 3-d 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

C 

c DISCLAIMER/NOTICE 

c Th is  computer code/material was prepared as an account o f  work 
c performed by t h e  Center f o r  Nuclear Waste Regulatory Analyses (CNWRA) 
c f o r  t h e  D i v i s i o n  o f  Waste Management o f  t h e  Nuclear Regulatory 
c commission (NRC), an independent agency o f  t h e  u n i t e d  States 
c Government. The developer(s) o f  t h e  code nor any o f  t h e i r  sponsors 
c make any warranty, ex ressed o r  impl ied,  o r  assume any l e g a l  

c usefulness o f  any in format ion,  apparatus, product o r  process 
c d isc losed,  o r  represent t h a t  i t s  use would n o t  i n f r i n g e  on 
c privately-owned r i g h t s .  

c l i a b i l i t y  o r  responsi E i l i t y  f o r  t h e  accuracy, completeness, o r  

C I N  NO EVENT UNLESS REQUIRED BY APPLICABLE LAW WILL THE SPONSORS 
C OR THOSE WHO HAVE WRITTEN OR MODIFIED T H I S  CODE, BE LIABLE FOR 
C DAMAGES, INCLUDING ANY LOST PROFITS, LOST MONIES, OR OTHER SPECIAL, 
C INCIDENTAL OR CONSEQUENTIAL DAMAGES A R I S I N G  OUT OF THE USE OR 
C I N A B I L I T Y  TO USE (INCLUDING BUT NOT LIMITED TO LOSS OF DATA OR DATA 
C BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY THIRD PARTIES OR A 
C FAILURE OF THE PROGRAM TO OPERATE WITH OTHER PROGRAMS) THE PROGRAM, 
C EVEN I F  YOU HAVE BEEN ADVISED OF THE POSSIB IL ITY  OF SUCH DAMAGES, 
C OR FOR ANY CLAIM BY ANY OTHER PARTY. 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

C PURPOSE: 

C Th is  r o u t i n e  i s  t h e  main computational module f o r  pure heat 
C conduction problems. I t  c a l l  s a1 1 t h e  r e l a t e d  rou t ines  and 
C a t ime step i s  completed upon r e t u r n  from t h i s  rou t ine .  



C I t  i s  not  designed f o r  dcm formulat ions.  

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

C INTERFACING ARGUMENTS: 

d i a  onal ma t r i x  elements 

tern o rary  used f o r  so lu t i on  

9 
7 

c c  Array(nb), Rea1*8 
c cc Array(nb*nrow) Rea1*8 t o t a  no o f  elements i n  the  jacobian 
c r  Array(nb), Rea1*8 res idual  and so l  u t i  on vector  
c dsol  Array(nb), Real*8 
c t x c  Array(nc0nn) , Real *8 therma t ransmiss i  b i l i  t 
c area Array (nconn), Real*8 b lock surface area f o r  a i connections 
c ncdiag Array (nb) , R d * 8  diagonal element no i n  the  jacobian f o r  
C a l l  rows 
c maxnc sca la r ,  1nteger*4 max no o f  elements o r  g r i d  blocks 
c ndcon Array (nb*nrow) , Rea1*8 ar ray  d e f i n i n g  node connection 
c aa Array(maxaa) , Real *8 main work a r ray  
c nrow sca la r ,  1nteger*4 max no o f  elements i n  a row 
c----------------------------------------------------------------------- 
c Externals 
c ========= 

Y 

C NONE 

cccccccccccccccccccccccc ccccccccccccccccccccccccccccccccccccc ccccccccccc 

C INTERFACING ROUTINES 

C metra. f  
c (mainmetra.f f o r  standalone metra) 

c c a l l e d  rou t ines  Funct ion 
c ================ =============== 
c cput im. f  ca l c  cpu t ime 
c qc0nd.f 
c so1ve.f solves the  ma t r i x  equations Ax = r 

sets source/sinks i n  the  jacoby f o r  pure ehat conduction 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

C INCLUDE F ILES 

c 'add.h' 
c 'imp1 .h'  

c 'c0m.h' 
c 'metragem.h' 
c ' paramt r s  . h ' 
c ' scal  a rs  . h ' 
c ' u n i t s .  h '  

C 

addresses (poi n ters)  f o r  dynamic memory a1 l oca t i on .  
Declares rea l  var iab les  t o  rea l*8 and sets  
f requen t l y  used constants i n  common. 
ar rays i n  common 
var iab les  common t o  both metra and em codes. 

sca lars  i n  common 
i nput/output u n i t  v a r i  ab1 es 

sets  dimension l i m i t s  f o r  a l l  var iab  9 es. 

cccccccccccccccccccccc ccccccccccccccccccccccccccccccc cccccc ccccccccccccc 

C SYSTEM LIBRARY ROUTINES 



C abs absol Ute Val ue o f  r e a l  * 8  v a r i  ab1 es 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

C OUTPUT UNIT(S) 

c U n i t  Name(Number) f i l e  name Descr ip t ion  

C i f b u g  (56) 1 f n-bug debug output 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

C REFERENCES 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

C PROGRAM FLOW AND BRIEF DESCRIPTION 

c solves heat conduction eqn.: 

c div(k).grad(T) + qh = rho.c.dT/dt 

c subject  t o  a r b i t r a r y  i n i t i a l  cond i t ion ,  and 

c 
c r a d i a t i o n  heat f l u x  as a func t i on  o f  t ime. 

c 

c Linear problem f o r  constant T, and non- l inear  f o r  r a d i a t i o n  BC. 

C 
Newumann and D i  r i  c h l  e t  condi ti ons i n c l  ud i  ng boundary temp and 

r a d i a t i o n  boundary f l u x  = sigma*emissivi ty*(Tabs(i)**4-Tabs(i -1)**4) 
C 

c Formulated i n  res idua l  form w i t h  i t e r a t i v e  s o l u t i o n  o f  change i n  
c temperature over an i t e r a t i o n .  on l y  one i t e r a t i o n  i s  required f o r  
c problems w i t h  no r a d i a t i o n  bc. 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

compute jacobian coefs 
and the  res idua l  vec tor  



C f o r  i n t e r - b l o c k  f l o w  
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I 
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

modify the  jacobian coefs and 
res idual  s f o r  source/si nks and 
boundary condi t ions through 
subrout ine qcond. f 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i f  ibug > 0 ,  p r i n t  t h e  coef 
ma t r i x  and the  res idua l  vec tor  --------------------------------------- 

I 
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

solve the  ma t r i x  Ax = r through 
subrout ine so lve . f ,  and r e t u r n  
s o l u t i o n  vector  i n  r. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I 
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

update the  tern e ra tu re  as 
T(k+l) = T(E) + delT 

and ca l c  the  max change i n  
temp. over the  t ime step 

I 
I 

i f  r a d i a t i o n  bc invoked, 

i f  not  converged GO TO 100 
e lse  continue below 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

check f o r  convergence i f  delT < t o l t  

I 
I 

i f  neumann bc spec i f ied ,  compute 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

boundary f l  uxes ( rad ia t i on  and conduction) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C 
C I 
C I 
C re tu rn  
C 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

subrout ine cond (c,cc,r,dsol,txc,area,ncdiag,maxnc,ndcon, 
* aa , n row) 

inc lude 'imp1 .h '  
i nc l  ude ' paramt r s  . h ' 
i nc l  ude ' metraqem. h ' 
i n c l  ude ' corn. h 
inc lude ' sca lars .  h '  
inc lude ' u n i t s .  h '  
i nc l  ude ' add. h '  

dimension c(*) ,cc(nrow,*) ,r(*> ,dsol(*) , txc(*) ,area(*), 
ncdi  ag(*) , maxnc(*) , ndcon (nrow, *) , aa(*) * 



. 

save dtmpmaxo 

c a l l  cputim(0) 

i f ( i t i me . 1 e . 1) t h e n 

c. . .sets max i t e r a t i o n s  t o  1 f o r  a problem w i t h  no r a d i a t i o n  bc 
C otherwise i t  i s  se t  t o  7 

il = 1 
do m = 1,nblkbc 

end do 
newtnmx = il 

if(cradbc(m).gt.zero) il = 7 

c. . . computes thermal transmi s s i  b i  1 i t i e s  
c 
c f i r s t  t ime step. 

This remains constant f o r  t h e  run and ca l cu la ted  on ly  f o r  t h e  

do nc = 1,nconn 
m l  = ndl(nc) 
m2 = nd2(nc) 
n2 = ithrm(m2) 
n l  = ithrm(m1) 
ck2 = ckdry(n2) 
c k l  = ckdr (nl) 
u l  = c k l * c i 2  
u2 = ckl*d ist2(nc)+ck2*dist l (nc)  
i f (u l *u2 .g t .zero)  then 

e l se  

endi f 
end do 

txc(nc) = ul*area(nc)/u2 

txc(nc) = zero 

end i f  

newton = 0 
dtmpmax = zero 

c . . .  save the  i n i t i a l  temp i n  to -a r ray  
il = i t o - 1  
do m = 1,nb 

cms to(m) = tmpr(m) 

end do 
aa(il+m) = trnpr(m) 

100 newton = newton+l 
dtmpmaxo = dtmpmax 

c. .  . augment the  res idua l  and diagonal f o r  accm term 

il = i t o - 1  
do m = 1,nb 

u l  = vbcpr(m)*udt 
c(m) = - u l  

cms r(m) = ul*(tmpr(m)-to(m)) 
r(m) = ul*(tmpr(m)-aa(il+m)) 

enddo 



c * f i  1 e mai nml ti . f 
C copyr ight  2000 Southwest Research I n s t i t u t e  

c Program Name: MULTIFLO 
c F i  1 e/Program Name: 
c Other modules: 
C cputim. f 
C seconds. f 
C 1 nb l  nk. f 
C convert .  f 
C f r f m t  . f 
c Release Date: March 2005 
c Release Version: 2.0.1 
c c l i e n t  Name: USNRC 
c c l i e n t  o f f i c e :  D i v i s i o n  High Level Waste Reposi tory Safety 
c c l i e n t  Contact: David Brooks (301-415-7284) 

c CNWRA Contact: Scot t  Pa in te r  (210-522-3348) 
C 
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C spainter@swri  . edu 

mai nml t i . f/MULTIFLO 
b lock  data metragem 

c Contract  Number: NRC 02-02-012 

Center f o r  Nuclear Waste Regulatory Analyses 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

C VERSION/REVISION HISTORY 

c $Id$ 
c $Log$ 
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C 
C phase change t e s t  
c December 2000 V1.2.3 F i x  bug r e l a t e d  t o  dryout  
C i n  GEM. Also change surface 
C area update i n  GEM, which 
C 
C rninera s. Minor f i x  t o  p r i n t i n g  
C e r r o r s .  
C 
C J u l y  2001 V1.5  Sect ion 5,7,8 o f  v2.0 SRD 
C A1 so assorted m i  nor f i x e s  
c June 2002 SCR3 5 1 
C J u l y  2002 Scot t  Pa in te r  SCR406 
C 
c March 2004 v2.0 
C 
c March 2005 Scot t  Pa in te r  ~ 2 . 0 . 1  see SCR557 
C 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

densi t y  ca l  c u l  a t i  on and 

was by assed f o r  secondary t; 

c DISCLAIMER/NOTICE 

c Th is  computer code/material was developed as an account o f  work 
c performed by the  Center f o r  Nuclear Waste Regulatory Analyses (CNWRA) 



c f o r  t h e  D i v i s i o n  o f  Waste Management o f  t h e  Nuclear Regulatory 
c commission (NRC) , an independent agency o f  t h e  u n i t e d  States 
c Government. The developer(s) o f  t h e  code nor any o f  t h e i r  s onsors 

c usefulness o f  any in format ion,  apparatus, product o r  process 
c d isc losed,  o r  represent t h a t  i t s  use would n o t  i n f r i n g e  on 
c pr ivately-owned r i g h t s .  

c make any warranty, ex ressed o r  impl ied,  o r  assume any lega t; 
c l i a b i l i t y  o r  responsi E i l i t y  f o r  t h e  accuracy, completeness, o r  

C I N  NO EVENT UNLESS REQUIRED BY APPLICABLE LAW WILL THE SPONSORS 
C OR THOSE WHO HAVE WRITTEN OR MODIFIED T H I S  CODE, BE LIABLE FOR 
C DAMAGES, INCLUDING ANY LOST PROFITS, LOST MONIES, OR OTHER SPECIAL, 
C INCIDENTAL OR CONSEQUENTIAL DAMAGES A R I S I N G  OUT OF THE USE OR 
C I N A B I L I T Y  TO USE (INCLUDING BUT NOT L IMITED TO LOSS OF DATA OR DATA 
C BEING RENDERED INACCURATE OR LOSSES SUSTAINED BY THIRD PARTIES OR A 
C FAILURE OF THE PROGRAM TO OPERATE WITH OTHER PROGRAMS) THE PROGRAM, 
C EVEN I F  YOU HAVE BEEN ADVISED OF THE P O S S I B I L I T Y  OF SUCH DAMAGES, 
C OR FOR ANY CLAIM BY ANY OTHER PARTY. 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

C PURPOSE: 

c 
c couples METRA and GEM. 

Th is  r o u t i n e  i s  t h e  main program f o r  t h e  MULTIFLO d r i v e r  which 

cccc c c c c c c c ccccccccccccc ccccccccccccccccccc 

C INTERFACING ARGUMENTS: 

cccccccccccc ccccccccccccccccc 

c none 

ccccccccccccccccccccc cccccccccccc cccccccccccccccccc cccccc ccccccccccccccc 

C INTERFACING ROUTINES 

C none 

c g u n i t s . f  -command l i n e  i n t e r f a c e  f o r  gem. 
c metra. f  -Dr iver  f o r  METRA (S imi la r  t o  stand-alone 
C mai n program. 
c gem.f -Dr iver  f o r  GEM (S imi la r  t o  stand-alone 
C main program. 
c cput im. f  -Routine t o  measure cpu t ime. 
cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

C INCLUDE F ILES 



C 
C met/impl . h -Declares r e a l  var iab les  t o  rea l*8 and sets  
C 
C 
C gem codes. 

C met/paramtrs.h -sets  dimension l i m i t s  f o r  a l l  var iab les.  

inc lude f i l e s  common t o  metra and gem 

met/metragem. h 
f requent ly  used constants i n  common. 

-var iab les which are  common t o  both metra and 

C 

C gem inc lude f i l e s  
gem/add em.h 

C gem/sca gem.h -Scalars i n  common. 
C gem/comgem.h 
C gem/iouni t s .  h -I/O u n i t  numbers. 

-Sets po in te rs  f o r  dynamic memory. 

-General common b lock.  
9 C 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

C SYSTEM LIBRARY ROUTINES 

C etime, fdate() 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

C OUTPUT UNIT(s) 

c U n i t  Name(Number) Descript ion f i l e  name 

c i u n i t 2  (8) normal run output  masout 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

C REFERENCES 

c none 

cccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccccc 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

PROGRAM FLOW 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
i f  (icode . g t .  1) c a l l  g u n i t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I 
i f  (icode .ne. 2) c a l l  metra 

I 
c a l l  gem 

<if icode = 4, code does no t  r e t u r n  from gem> 

I 
i f  (icode .eq. 3) c a l l  a l l o t  

I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

< i f  icode = 1, code does n o t  r e t u r n  from metra> . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
<begin t ime stepping loop f o r  icode = 3> 

120 cont inue 
tmetra = tmetra + dtnew . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

program m u l t i f l o  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
C 
C mu1 t i f l o  i s  a mu1 t i  -component-mu1 t i  -phase chemical t r a n s p o r t  
C model f o r  hydrothermal f l u i d s  r e a c t i n g  w i t h  m i  nera l  s .  t h i  s vers ion  
C o f  mu1 t i  f 1 o was compl eted March 2005 
C 
C authors ... peter  c. l i c h t n e r ,  mohan Seth, and Scot t  p a i n t e r  
C cnwra 
C southwest research i n s t i t u t e  
C san antonio,  texas 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

d e s c r i p t i o n  . . . m u l t i f l o  s imulates heat t ranspor t ,  f l o w  and 
s o l u t e  t r a n s p o r t  i n  v a r i a b l y  saturated 
f r a c t u r e d  porous media. 
chemical react ions incorporated i n  t h e  code 
i n c l  ude aqueous compl e x a t i  on, redox react ions , 
p r e c i  p i  t a t i  on/di sso l  u t i o n  o f  m i  nera l  s and i o n  
exchange. p r o v i s i o n  i s  inc luded f o r  both 
r e v e r s i b l e  and i r r e v e r s i b l e  react ions o f  minerals.  

C 
C main program: 
c mainmlt i  .f 

C subroutines: 
C 

C GEM 
c a1lotgem.f 
c b1kdtgem.f 
c bndc0nd.f 
c cehy1iq. f  
c cehytwph.f 
c ce tvd1 iq . f  
c cetvdtwp.f  
c cexact . f  
c cgas0s.f 
c c1hytwph.f 

d i f o f t  . f 
eq 'ac. f 
eq1ib.f 
eqres. f 
e x p l i c i t  . f 
fit.f 
f k i  net .  f 
f1ogk. f  
f u n . f  
gameq. f 

g r i d 1 d . f  
guni t s .  f 
hybr id .  f 
i n i  tgem. f 
i n i  t r a t e .  f 
i n t e r p f .  f 
i onexc. f 
k i  nrxn. f 
0 u t p u t l . f  
k i  n rxnex . f 

mastrn0s.f 
maxchg . f 
m l  t p s i  ex. f 
modbnd. f 
mprove. f 
opspl t e x  f 
opspl t g l  . f 
opspl t i  m. f 
uni  tconv. f 
output2. f 

so1ver. f  
speciate.  f 
s ta r tup .  f 
s t d y s t  . f 
stepgem. f 
testgem.f 
textab.  f 
transp. f 

updtgem. f 



c c l i  0s . f  gamextd. f 1 ubksb. f path. f watsol v. f 
ghostpsi . f 1 udcmp. f pecl e t n r .  f z0nek.f 

main e m f  psat.  f graphld. f c coshy1iq. f  
c d a t a a l l  .f graph2d. f mass a1 .f 
c database.f graph3d. f mast rnex. f 
c d e n s i t y . f  g r i d . f  mastrni  m. f sol  p rod t  . f 
C i n c l  ude f i  1 es 
c addgem.h f ie1ds.h i 0 u n i t s . h  o f i1es .h  su r f k in .h  
c c0mgem.h f r f m t . h  k i n e t i c . h  paramtrs.h tempf1d.h 
c cxk1n.h gas. h met ragem. h scal  gem. h v e l  sa t .  h 
c debye.h impl .h minr1.h scratch.h watso1v.h 

readat. f 
sol  prd.  f 

8 
c coe 7 r x n . f  

C THERMODYNAMIC DATABASE 
c ms25.t-16 
c mstemp.rl6 

C METRA 

C subrout ines 
c accm.f 
c accmvp.f 
c a l 1 o t . f  
c bc0nd.f emip.f 
c b l  kdtmet .f 
c c0efs . f  
c c0efsvp. f  1 n i t . f  
c c0nd. f  i npmet ra . f 
c d4gaus.f i t e r . f  

equ i l  .f 
g r i  ddat . f 

mainmetra.f pvth20.f  t r a n s . f  
m isc . f  pvtvp.  f update. f 
openf l  s .  f recdat . f updtps k . f 

updtv k . f  0utmetra. f  r s t a r t . f  
pckr.  f se tbc . f  watso v . f  
p l o t s .  f s l v 1 i q . f  
p r i n t s .  f solve . f 
p v t  . f s0urce . f  
pv t func . f  th0mas.f 

t; 

C inc lude f i l e s  
c add.h f r f m t .  h metragemh pckr.h p v t t b l  . h u n i t s .  h 
c c0m.h impl .h paramtrs.h pvt func.h sca1ars.h watso1v.h 


