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United States Geological Survey

Rob Runkel
Research Hydrologist

runkel@usgs.gov
https:/iwww.usgs.gov/staff-profiles/robert-runkel

October 24, 2024

Sari University of Agricultural Sciences and Natural Resouces
Sari, Mazandaran, |.R. of Iran

Re: Translation of OTIS software documentation

To whom this may concern:

I was recently contacted by Dr. Mohammad Mirnaseri in regard to the OTIS solute
transport mode!, a software product distributed by the United States Geological
Survey. Dr. Mirnaseri informed me that it is his intent to translate the software
documentation from English to Persian so the software can be used by non-english
speaking scientists. We have corresponded in regard to his translation, and | have
agreed to post the Persian version of the document on the software website. After he
completes the translation, the document will be posted at
https:/iwater.usgs.gov/software/OTIS/

Sincerely, 'M
Robert L. Runkel, Ph.D. \
Research Hydrologist
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Optimal Set

Squared Differences

One-Dimensional Transport with Inflow and Storage (OTIS)
Runkel and Broshears (1991)

Runkel (1998)
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® Conservative Solute

° Chemical Transformation

10 Biological Transformation
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# OTIS control file
#
ho#
W # line name of the:
a ¥ e-—— ememeeemmeeee-
.3: #1 parameter file
# 2 flow file
# 3 to 24NSOLUTE solute output files
# 3+NSOLUTE to 2+ (NSOLUTE*2) sorption output files (ISORB=1 only)
#

FREFFFFRFFAFAFAFFAAFAFF A H AR A FEFF A A A AR AR R R R R R
params.inp

g.inp

cl.out

-
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tHEFHH A EAF A AR AEEEFHAF I AHEAF AR A RAEHHH AR HEFF A A F A FAH AR REFEFH S
#

- # OTIS parameter file
#
?3 # 1972 Uvas Creek Tracer Injection, Conservative Transport of Chloride
#
.§‘ # Parameter Values from:
#
# Bencala, K.E. and R.A. Walters, 1983, Water Resour.Res.,19(3),718-724.
#
FHEFHHF AR AR AR AR F A AR FHFHHAAFARAFA AR A F AR HA AR A A FARAAAARHAF AR FAFHAHEH
Bencala & Walters, Uvas Creek Chloride
T 2 | PRTOPT
N 0.10 | PSTEP [hour]
} 0.05 | TSTEP [hour]
i 8.25 | TSTART [hour]
2 |24.00 | TFINAL [hour]
< 0.0 | XSTART [meters]
2 1 0.0 | DSBOUND [ (L/sec)CU]
= 5 | NREACH
#HtfHHFHAHEA A A FRARAFRAFAFAAA ARG A AR S F AR AFA A AFG BT HSHA
#
# Physical Parameters for each reach
#NSEG RCHLEN DISP AREA2 ALPHA
# | | | |
0 0 o i
Jol @) Jlte (sl gl adigy -V-F S
#NSEG RCHLEN DISP AREA2 ALPHA
# | | | |
A AR AR AR AR AR AA R AR AAAAFARAFHAGFA ARG FA ARG S A RIS FAFFFHH
38 38.0 0.12 0.05 0.0
Yo 67 67.0 Q=1h 0.05 0.0
176, 3176.0 0.24 0.36 3.0e-5
152 152.0 Q.31 0.41 1.0e-5
236 236.0 0.40 1:56 4.5e-5
#HFFHFHAFAFFFAAAGFAFAAFAFAFAAFAFAFAARAFAFAAH GRS ARARHFAAHA
#
# Number of Solutes and flags for decay and sorption
i
# NSOLUTE (col.l1-5) IDECAY (col.6-10) ISORB(co0l.11-15)
# | |
5 #HHFH A A FA AR AFAFAFAAFAFA SR AR A S AR AR FA AR RS AR AR FRAHA
1 0 0
AR A A A AR AR AAFARAAAAFFAA AR AR A AAAFH S A HAS AR FAAAFHREHAH
# Print Information
#HHFHHHFFAFAFAAF A AR AFAFA SR AR AFA AR AR A FAF AR AR F AR SRS
5 0 NPRINT (col.l-5) IOPT (col.6-10)
38.0 (PRTLOC for I = 1, NPRINT)
105.0
W] 281.0
433.0

619.0

Jsl ol Jlio gl siolyly digy —Y—F S5 aslsl
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\£3

HHA G H A F ARG FAFFARAFAAFAFFFAAAAFA ARG AARA ARG A AR AFAAHS
¥ 5 0 NPRINT (col.1-5) IOPT (col.6-10)
38.0 (PRTLOC for I = 1, NPRINT)
105.0
w<d281.0
' 433.0
619.0
HHFHAFA A AR AAAAAARARAA AR AFAAAARA A ARG F ARG A S SRS ARG FAREHHH
# Boundary Conditions
###########################################################
i\t NBOUND (col.1-5) IBOUND (col.6-10)
#####################################################
i for I = 1,NBOUND
#
#USTIME USBC (for i=1,NSOLUTE)
# | | |
HHA G HAAH ARG FAFH ARG FAAFARAFAGFAFAFAAFAAAFHAFAFFHGHFAS

8.25 37
Y 8.4 11.4
11.4 3T
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#
# OTIS steady flow file
E #
.:b # 1972 Uvas Creek Tracer Injection, Conservative Transport of Chloride
~F
% # Parameter Values from:
#
# Bencala, K.E. and R.A. Walters, 1983, Water Resour.Res.,19(3),718-724
#
idssdssssssiidsasdsssisssssiissdsasssidissassisisdadssiissasss it sissi
Y 0.00 QSTEP [hour]
y 0.0125 QSTART [L”3/second]
#hfRFFAAFHAERARAAFAAGFH AR AR RAF A SR HERA R A RAF S A AR RARRAHAHS
# for I = 1, NREACH
#
#QLATIN QLATOUT AREA (CLATIN J=1,NSOLUTE)
# | | | |
HhefH#FFHHAEFAFH AR AAEFHAFRHAFAHHA A S A ERAF AR A FHHHF AR A HHHS
Y 0.00 .00 0.30 T
¥ 0.00 0.00 0.42 3.7
Y 4.545E-6 0.00 0.36 3 1
Y 1.974E-6 0.00 0.41 X L
Y 2.151E-6 0.00 0.52 3T
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#

# Number of Solutes and flags for decay and sorption

#

# NSOLUTE (col.1-5) IDECAY(col.6-10) ISORB(col.11-15)

#

# | |
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0
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Sorption Parameters (ISORB=1, only)

for I = 1, NREACH

4 S % % 3

#LAMHAT LAMHAT2 RHO KD CSBACK
# | | [ |
FHEFERAHFHFHAA AR AR AAAAAFEE A FHF AR AR SRR A RS
5.6e-5 10 4.0e+4 70.0e-6 13
.0e+4 70.0e-6

2 .13
2.0e+4 70.0e-6

2
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#

# Number of Solutes and flags for decay and sorption
#
# NSOLUTE (col.1-5) IDECAY(col.6-10) ISORB(col.11-15)
#

Aoy gas

x####L####L################################################
" i####i####g################################################
z Decay Coefficients (IDECAY=1, only)
zLAMBDA LAMBDA2

# |
¥ FHEFRRHHAH AR A A A AR B HH AR H AR HH AR A A E R AR R AR AR R R R 4
1.E-4 0.0
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thd#HRARAAFA AR AFAR AR AFAR A AF AR A AF AR A AF AR AR AR A S AR AF AR A HH
= #
oy OTIS unsteady flow file
N
PANE | 1/7/1992 Huey Creek, Antartica
,3‘ # Conservative Transport of Lithium
#
#
Hid#HRA A FA A AFARAAAAFHE AR AFH A HHAF AR HHAF AR HHAF AR HAAF AR A AF AR HHHH
Y 1.66666667e-2 QSTEP [hour]
Hi#FFEH A FARAHAAFER A AF AR AR AFARAHAAFAR A AFH SR RAFHRA A
# Flow Locations
Hh#FFRARAAF AR AR RAFARAAAAFAR A AFAR AR AFHR A RAFHR SRR AFHRAHHA
Y 6 NFLOW
0.00 (FLOWLOC for I = 1, NFLOW)
9.00
213.00
Y 457.00
610.00
762.00
HiAFFR AR AF AR AR AFAR A AF AR A A AF AR A AFA A AFH AR AF ARSI
# Flow Data from DR3M/MMS
HidFHRHRAAFAR A AAFAR A AF AR AR AFAR A AF AR AF AR AR ARAHHA
#
# starting time, 11.30
#
~ 0.00 0.00 0.00 0.00 0.00 0.00
i 0.061573 0.061472 0.059380 0.056964 0.055279 0.053600
0.109640 0.109532 0.098029 0.089586 0.095372 0.092534
> 0.00 0.00 0.00 0.00 0.00 0.00
e 52,08 el (sl bl Gl adgy =V =¥ USS
# time = 11.3 + QSTEP
#
o 0.00 0.00 0.00 0.00 0.00 0.00
19 0.062194 0.062093 0.060010 0.057605 0.055927 0.054242
> 0.110300 0.110193 0.098650 0.090189 0.096041 0.093197
0.00 0.00 0.00 0.00 0.00 0.00
#
# time = 11.3 + 2 QSTEP
#
. 0.00 0.00 0.00 0.00 0.00 0.00
n 0.062814 0.062714 0.060639 0.058246 0.056576 0.054891
> 0.110958 0.110852 0.099269 0.090788 0.096707 0.093863
0.00 0.00 0.00 0.00 0.00 0.00
#
# time = 11.3 + 3 QSTEP
#
. 0.00 0.00 0.00 0.00 0.00 0.00
19 0.063435 0.063335 0.061269 0.058887 0.057225 0.055545
> 0.111613 0.111508 0.099885 0.091385 0.097370 0.094531
0.00 0.00 0.00 0.00 0.00 0.00
#
R S PR
#
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i
# OTIS-P control file
4
4
# line name of the:
4 .
4 1
R 2
Wy 3
i 3
9 4 4 :
A E )
i 5 parameter output file
4 6 STA C output file
# 7 sol utput file
4 8 sorption output file (ISORB=1 only)
3 #
N HHAAA AR R SRR R AR R AR AR AL RN A AR SRR 4
}‘. params.inp
4 4.inp
3 d i
5 s
3 S
2 P
= s t
'S solute.out
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#
# OTIS-P data file
#
#
# line for J = 1, NREACH
4 e
Wy 1 N - Number of observations for reach J.
PR 2-N+1 TIME (time-variable) or DIST (steady-state) associated
-3' # with each observation (col. 1-15) and CONC (col. 16-30)
#
#
# 1986 St. Kevin Steady-State Iron. Data from Kimball et al. (1991)
#
FHARHRFRHRHH A A A FHHHHHHHHAHHH S H S H SRR AR R R R B
#
# Reach 1 0-26m
#
1 o
#
# Reach 2 26-363m
#
3 2
Y 26.0 0.64
Y 363.0 0.63
#
fond d.)).g)l.{ JLZA duol;)J dl).s oald 4\.;.»9.» )I er@—\v—\c Lg.w
# Reach 3 363-484m
#
\ 3
363.0 0.63
413.0 1.5
421.0 25D
Y¢ 1439.0 5.6
455.0 12.0
464 .0 12:.0
484 .0 13,0
#
# Reach 4 484-526m
#
\ 2
v 484 .0 13.0
526.0 5.0
“
# continued..... (data for Reaches 5-7)
#
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The number of reaches, NREACH,
must not exceed the maximum,

MAXREACH.

The number of segments, IMAX, must
not exceed the maximum, MAXSEG.

The number of print locations,
NPRINT, must not exceed the
maximum, MAXPRINT.

The number of solutes, NSOLUTE,
must not exceed the maximum,
MAXSOLUTE.

The number of upstream boundary
conditions, NBOUND, must not exceed
Sthe maximum

MAXBOUND.

The number of flow locations,
NFLOW, must not exceed the
maximum, MAXFLOWLOC.

The storage zone cross-sectional area,
AREAZ2, must be greater than zero.

A given print location, PRTLOC;, must
lie within the modeled network.

The flow locations, FLOWLOC, must
be entered in ascending (downstream)
order.
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The first flow location, FLOWLOC,,
must be placed at the upstream
boundary. The last flow location must
be at or below the downstream
boundary.

For a continuous concentration
boundary condition (IBOUND equal to
3), the time of the last boundary
condition (USTIMEngounp) must be
greater than or equal to the simulation
end time, TFINAL.

The print option, PRTOPT, must equal
1lor2.

The interpolation option, IOPT, must
equal O or 1.

The boundary condition option,
IBOUND, must equal 1, 2, or 3.

The decay option, IDECAY, must equal
Oorl.

The sorption option, ISORB, must
equal 0 or 1.

OTIS-P Jis 3 by Las claply ~¥-0 Jous
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The number of observations for a reach,
N, must not exceed the maximum,
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plus the integration time step (TIME, >
TSTART + TSTEP).

sl (TSTEP) biysys Sl o8
TIMEL > TSTART + TSTEP

5 S39me w4 wb Slaslie slacsls Observations must be entered in order

_ of ascending time (TIME;;, > TIME;,
20,8 2,y olej e G 42 RS

=LN).
B ) ) ) The time between successive
P 5l b Jlgte Slaalie o Gloj alole observations must be greater than the
sl 5t (TSTEP) bogys Sbej time step (TIME;j,; - TIME;> TSTEP,
i=1,N).
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(Control File) J,us ads olais Cov (g39)5 adgy ool el lo V-F=Y [isy 3 &S jobjler
sldpadais CONLrOLIND (go; Hl38lp 5 S35 1o adigy (pl pU c(639)5 (sloddis plo M5 5 &S
Y (oepp g Starinp o data.inp 4.inp params.inp polic cou (53959 adgy ¥ Jlo opl 5
o) e gilwands (ly o solute.out 4 star.our params.out ‘pslie co (g5 Adgy
a3 o Lty las ol o (ol o asls S adgy Ve S5 loas iy yo dllne

#

# OTIS-P control file
# SARIUNIVERSITY BY M.MIRNASERI (2020)
#

# line name of the:
S

# 1 parameter file

# 2 flow file

# 3 data file

# 4 STARPAC input file
# 5 parameter output file
# 6 STARPAC output file
# 7 solute output file

# 38 sorption output file (ISORB=1 only)
#

params.inp

g.inp

data.inp

star.inp

paramns.out

star.out

solute. out

o 5 Jy5S iy Ve S5

Folyly Audgy gy —¥-9-Y ¢
(ilodnd an S e gy (Parameter File) joll adg, loie ot (6399 adgy (e
Aiile o ol aliyy (sl Job 3 &5 035 Jae sl ()5 paseie 5 50 lulyd g9
o0 &8l Jiite alius (£lodnd gly V=5 S )3 adgy ol S5 Y clociys, Jol8 Sl

Sl
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R R R R R R R R R R

#

#

# OTIS parameter file

#

# SARI UNIVERSITY BY M.MIRNASERI (2020)
#

#

M R R
#

M.MIRNASEI (2020) SANRU

1 | PRTOPT

0.000556 | PSTEP [hour]

0.000278 |  TSTEP [hour]

12.000000 | TSTART [hour]

12.063333 |  TFINAL [hour]

0.0000000 |  XSTART [L]

0.0000000 | DSBOUND [(L/sec) CU]

2 | NREACH

HHHH R R R
#
# Physical Parameters

#

# for 1 =1, NREACH

#

#NSEG RCHLEN DISP AREA2 ALPHA

# | | |

HEH R R
30 3.0 0.08  0.042 0.002

30 30 0.10 0.042 0.002

M
#

# Number of Solutes and flags for decay and sorption

#

# NSOLUTE (c.1-5) IDECAY (c.6-10) ISORB (c.11-15)

#

# 1] |

M
1 00

M
# Print Information

M T
1 0 NPRINT (col.1-5) IOPT (col.6-10)

6 (PRTLOC for I =1, NPRINT)

M
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#

# Boundary Conditions

#

HH R R R
115 3 NBOUND (col.1-5) IBOUND (col.6-10)
HH R R R R
# for | = 1,NBOUND

#

#USTIME  USBC (for i=1, NSOLUTE)

#
M
12.000000 0.00

12.000556 0.00

12.001111 0.00

12.001667 0.00

12.002222 0.00

12.002778 0.00

12.003333 0.00

12.003889 0.00

12.004444 0.00

12.005000 0.00

12.005556 0.00

12.006111 0.00

12.006667 0.00

12.007222 0.37

12.007778 0.37

12.008333 452

12.008889 452

12.009444 452

12.010000 452

12.010556 8.75

12.011111 8.75

12.011667 17.44

12.012222 17.44

12.012778 21.91

oddiy o szl adgy —V\—F S5

iy 5 M.MIRNASEI (2020) SANRU i cow adsy ol Jsl cisdy 6359 5 058 lsis
‘_gb)g)lf §d= ula.>|).a ) )g)lf L;Lmaj”,; J\S\o) d‘)’. PICALY d)bl 059),: ul}«_c g_o;);u“ ol 045
» (NaCl) Cbs, osle (SuiSTyy o Jinl (iloamd Ban b ofgn ol S ol )ty o laie
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OTIS-P data file

line forJ=1, NREACH

1 N - Number of observations for reach J.
2-N+1 TIME (time-variable) or DIST (steady-state) associated
with each observation (col. 1-15) and CONC (col. 16-30).

SARI UNIVERSITY BY M.MIRNASERI (2020)

IO M OF O O H OH H W W

T R R T
b

#Site 1,3m [ N osls Cuils p (S alols
4 | 4
15 D laalie slaosls slasi
12.000556 000 "
12.001111 0.00
12.001667 0.00
12.002222 0.00
12.002778 0.00
12.003333 0.00
12.003889 0.00
12.004444 0.00
12.005000 0.00
12.005556 0.00 — Slalio el clals 5 ol
12.006111 0.00
12.006667 0.00
12.007222 0.00
12.007778 137
12.008333 1.91
12.008889 3.37
12.009444 3.37
il
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# For each of the ten model parameters, enter IFIXED (Integer, Col. 1-5)
# and SCALE (Floating Point, Col 6-18).

#

# IFXD SCALE

# | | IFIXED and SCALE for:

#

0 0.0D0 | Dispersion Coefficient, DISP

0 0.0D0 | Main Channel Cross-Sectional Area, AREA

0 0.0D0 | Storage Zone Cross-Sectional Area, AREA2

0 0.0D0 | Storage Zone Exchange Coefficient, ALPHA

1 0.0D0 | Main Channel First-Order Decay Coefficient, LAMBDA
1 0.0D0 | Storage Zone First-Order Decay Coefficient, LAMBDA?2




YA

0.0D0
0.0D0
0.0D0
0.0D0

N

| Mass of Accessible Sediment/VVolume Water, RHO

| Distribution Coefficient, KD

| Main Channel Sorption Rate Coefficient, LAMHAT
| Storage Zone Sorption Rate Coefficient, LAMHAT?2
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STARPAC Parameter Input File
M.Mirnaseri, 2020

HEHRHH R R R

#
#

# Record Types 1-4, Integer values in Columns 1-5

#

# IWEIGHT Weight Revision Option
# IVAPRX Variance/Covariance Option

#MIT
# NPRT
#

0

1

100
22222

#

Maximum Number of Iterations
STARPAC Print Option

# Record Types 5-7, Double precision values in Columns 1-13

#

# DELTA Maximum Scaled Change, First Iteration

# STOPP

Stopping Value for Parameter Convergence

# STOPSS  Stopping Value for Sum of Square Convergence

#
1.0
1.D-5
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1.D-5

#

# For each of the ten model parameters, enter IFIXED (Integer, Col. 1-5)
# and SCALE (Floating Point, Col 6-18).

#
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