





EROSION AND DEPOSITION OF SEDIMENT AT CHANNEL CROSS
SECTIONS ON POWDER RIVER BETWEEN MOORHEAD AND BROADUS,
MONTANA, 1980-98

by John A. Moody, Robert H. Meade, and Holly A. Martinson

U.S. Geological Survey

Water-Resources Investigations Report 02-4219

Denver, Colorado -
2002



U. S. DEPARTMENT OF THE INTERIOR

GALE A. NORTON, Secretary

U.S. GEOLOGICAL SURVEY

CHARLES G. GROAT, Director

The use of trade, product, industry, or firm names is for descriptive purposes only and does
not imply endorsement by the U. S. Government

For addition information write to: Copies of this report can be purchased from:
Chief, Branch of Regional Research U. S. Geological Survey

U.S. Geological Survey Earth Science Information Center

Box 25046, MS 418 Reports Section

Denver Federal Center Box 25286, MS 517

Lakewood, CO 80225 Denver Federal Center

Lakewood, CO 80225



CONTENTS

Page
|
|
ADSHTACE ...cceeeeneeeeneereeeceercacrseeseeesntenasesesseasssnsessesassens ISP 1
INtroduCtion.......cceeerceceercrcinninisccecnerrcsscsessenens SO —— 2
Purpose and SCOPE.......coueeeveeeecccerercrreneenenne hsessssuernesanessesnesatssesssanarsssanesasensestsssansans 2
Acknowledgments ........c.ccceeeeveeiennccinennnnee ettt sess et st st es s be et sr s s e sa s s nea s aens 2
Suspended SEAIMENL.........ccccoreiicoernrereriertre e et crerensaesneess s stesnessnssssssessnssessessesssssssansase 6
Deposited SEAIMENL ........cc.covveimieciieiniiiinnisttettrte st e stssesssssssassesssenessessessenssssstossasenssnssnas 9
CroSS SECHIONS ....ccueeueeerenercreereraecesesseaessesesseseesesenns heasessssensasausssessesesensassentosertrtsasassssansarenerss 14
Survey method .........cooveveeieerceciercencrcceneceeerecrenenes reretereetesssessesneestresasae et e seeneeneaaaaresane e anes 18
Channel change...........cccoeeeeeeieveercrnreeeeeccereesereneneenes reeetesaeeesaesaae s et s st eneanressansenesasassenanseanas 18
Minimum riverbed eleVation ..........ccccoecececerernrererscsesseesessensisssasacsessssssessosessssssssness 18
Area of Erosion and Deposition.................... eerestenesaesneseesaeneesssrasnen s s saesesaaeserasaeesenes 19
SUMMATY <...ooreieariiereeeectresersieesenesnaecesssecesseseseneees rererenseaesanen eeeeeuneeanesasente st e et reassaneanas 31
References Cited.........ceueueeeeerrercercrcerenersemencaesnnnenees heresasarensnsssnrssssessssssssassssssesesasssonssssasssasas 32
Cross-section data..........cccceecccreeserceccrenrscccsneccunsanns baosssesessasnsansasamsssavasssssse srereneaes e annenas 33
Description of cross section PR113 .............. beseessmsmssnrnessestosasnestaserassestasensssrestssanananes 34
Description of cross section PR116............... . 44
Description of cross section PR120.............. besasaasscssssacsaskscssranssssan messanarases e asa s ennaans 53
Description of cross section PR122.............. fervesresaes e saes e s e e st es b s e e seseenssesasb s seesens 63
Description of cross section PR122A ........... et er s b s s sh bbbt sren s ehan 67
Description of cross section PR125.............. heebeuesestentessssentnsssesnsntesestensasesesensensanessens 78
Description of cross section PR130.............. - eereeeeatteerne st s et et aenasrsbenes 88
Description of cross section PR136............... heonesssmesssamsssasesssosesssanssssssnsesssosriassorsesasssn 97
Description of cross section PR141 .............. beeeesesnrsaesaes e tet e st et e besa et s e s s e ba st saseanenn 107
Description of cross section PR141A ........... Jeeseresenesesnnsssssesesesssasessensesessssssnsesssenssens 111
Description of cross section PR141.7 ........... peveresensesseesaeearasenaassasesarensassseraesnressesarersas 122
Description of cross section PR147............... feesssserserassensesnesnosasssessaressstesmnsesearesnsnanes 129
Description of cross section PR151 .............. Feerestetssente ettt et tate e seesentate e se s sasreaenna 139
Description of cross section PR156A ........... bevenersnessenns peeeenrestraseeseeneasaeneasatanessesassas 148
Description of cross Section PRIS6 ......oueueruceemeeecescnncnsennnecensenecnsienianas 158
Description of cross section PR163 ............. thesersseussssssssesassasatensesssstassasasestesrstnsstaate 168
Description of cross section PR164.8 ........... reeecere ettt ettt e se ettt aas s s e enen 178
Description of cross section PR165.6............ reeessreesatsasa b re st sses st b s bt sase e se e 183
Description of cross section PR166.0........... reonsseneennaane reeneeaserenreaeeearanens 188
Description of cross section PR166.6........... brenessssssnssvansosssssnsssssscssssssssessonssnsasansonsonas 193
Description of cross section PRI6T ... eeveemnecninitecciencceaneesenesecneaeesessna 198
Description of cross section PRIG7.5........coooreieieiececeereeceneeeeeeeseeeesneeesasasasanns 208
Description of cross section PR168.5 .........unoriieieirieieeeeereceseernesneecnessannae e seseeas 213
Description of cross section PRIG9.2.........oucieieverneeereeneesensnenennseneonessasssssssssssssenas 218
Description of cross section PR169.8...............ccoorececreeeceereennn beseeeeesesteneeassnnenenens 223
Description of cross section PRI70.5 .........ououieinieinincnreienenectesaseenreesssecessenssesenns 228
Description of cross section PRIT7S.......uuoinieivenreccecentieeneteeenerecesaesessansesssivenres 233
Description of cross section PRIB0 ..........ccoieiivceineiirnceectecesnsenesteneseennaaanseens 244
Description of cross section PR183 .........ccoiirieiereeeeeeeeeecteieneereeee s erensesenens 254

iii



Description of cross section PRIOT ..ot
Description of cross section PRI ...t eereceessnennteens
Description of cross section PR200A .........ccooiminrninniimrinintrisecreecresnesresnesennnens
Description of cross section PR206 ..........couoereerereeeescreserescscstesesenaesscesencsssessssenens

1. Map showing location of Powder River drainage basin and the study reach...................
2. Graph showing daily mean discharge for Powder River at Moorhead, Montana,

for each water year 1989, 1990, 1991, 1992, and 1993.......ccvvrininrinnenccirencnncnnes
3. Graph showing daily mean discharge for Powder River at Moorhead, Montana,

for each water year 1994, 1995, 1996, 1997, and 1998........cccuimrvvinncnsnnrinienecnnnne
4. Graph showing relations between suspended-sediment concentration and ,

water discharge for Single flOods.........c.coeveeeeeeniieecieeceeeseecetrearceerane e seeasecesescssnssnsnees
5. Graph showing relations between suspended-sediment concentration and

water discharge for multiple floods ........cccoveiveereecincecii e -
6. Graph showing percentage of sand and silt & clay in eroded and deposited sediment....
7. Map showing location of 20 channel cross sections and tributaries of

Powder River in the study reach.............cooeeeeveieiiisaeereenrreeescsecescerenearassscrsacencssosesasescas
8. Map showing location of 10 channel cross sections between PR163 and PR175.............
9. Map showing the location of cross section PR113 in the Bradshaw Creek quadrangle.....
10. Profiles of cross section PR113 from 1988 to 1992...........coceoiinenciniiccrcceenene
11. Profiles of cross section PR113 from 1992 t0 1996.........ccovueeminonvccennrrneereccccerenncneens
12. Profiles of cross section PR113 from 1996 10 1998..........cooiiiinnrneieirceececrenean
13. Map showing the location of cross section PR116 in the Moorhead quadrangle.............
14. Profiles of cross section PR116 from 1988 t0 1992.........corrimicciiiececcccenneneccsnnennnen.
15. Profiles of cross section PR116 from 1992 t0 1996..........cccoevveremrerenveveneecesesnrencasenencees
16. Profiles of cross section PR116 from 1996 10 1998...........cocooiiriinicnininesercnnerneenencns
17. Map showing the location of cross section PR120 in the Moorhead quadrangle............
18. Profiles of cross section PR120 from 1988 t0 1992 ........coiveievrnererercencreeseresnscesennnnns
19. Profiles of cross section PR120 from 1992 10 1996 ........cocoreevmreicinircececensnersvececcesvenens
20. Profiles of cross section PR120 from 1996 10 1998 .......cceererenvenrreneneeeeceenseesesesenanea
22. Map showing the location of cross section PR122 in the Moorhead quadrangle............
22. Profiles of cross section PR122 from 1987 to 1995 .. eeetesteessateaea e eneatet e seenaeene
23. Map showing the location of cross section PR122A in the Moorhead quadrangle .........
24. Profiles of cross section PR122A from 1988 t0 1992 ........cccoceivuneinmecerenerncresceseannnns
25. Profiles of cross section PR122A from 1992 t0 1996 ........cccuereeemrveneecresnneecensnesessennens
26. Profiles of cross section PR122A from 1996 10 1998 .........coovnnneneeeceeeennenene.
27. Map showing the location of cross section PR125 in the Moorhead quadrangle.............
28. Profiles of cross section PR125 from 1988 10 1992 .......cccoveioenricnienenrceereereenesesennena
29. Profiles of cross section PR125 from 1992 10 1996 .......ccoocemiinenncnnnnrenecenerneneenennens
30. Profiles of cross section PR125 from 1996 10 1998 ........c.coooeenenerceeeoerenescrersesnees
31. Map showing the location of cross section PR130 in the Bloom Creek quadrangle.......
32. Profiles of cross section PR130 from 198810 1992 ........cccovreeecricnienncnreneeernscacennnnenne

iv



33. Profiles of cross section PR130 from 1992 t0 1996 ......cceueeeeveeceeereeeireneeeerersesesesesseseees 91
34. Profiles of cross section PR130 from 1996 t0 1998 ........cocecoereeeererrecnnecereerseeruerenereeesens 92
35. Map showing the location of cross section PR136 in the Bloom Creek quadrangle....... 98
36. Profiles of cross section PR136 from 1988 t0 1992 .......c.uovieeeiceeevmerreereenrcecesneessessnes 99
37. Profiles of cross section PR136 from 1992 10 1996 ........eeeeeeeecrceeeeeerreeereeereenereeenenas 100
38. Profiles of cross section PR136 from 1996 10 1998 ... eeeemveerreccrneecceeecneeesseeseessens 101

39. Map showing the location of cross section PR141 in the Bloom Creek quadrangle....... 108
40. Map showing the location of cross section PR141A in the Huckins School quadrangle 112

41. Profiles of cross section PR141A from 1988 t0 1992 .......covvereeeciemrmerrersesnrerveneesreseeserne 113
42. Profiles of cross section PR141A from 1992 10 1996 .........oceeeureerreesreeeveereernvesineneesnens 114
43. Profiles of cross section PR141A from 1996 t0 1998 ..........ooveemrercmrrmeceeeserneseeesneessens 115
44. Map showing the location of cross section PR141.7 in the Huckins School quadrangle 123
45. Profiles of cross section PR141.7 from 1994 10 1998 ...........ooeieceererrevenereeereeesreesnenes 124
46. Map showing the location of cross section PR147 in the Huckins School quadrangle... 130
47. Profiles of cross section PR147 from 1988 t0 1992.........cuueeiecmvvemrrrmreeeesreesereresensesenne 131
48. Profiles of cross section PR147 from 1992 10 1996 ........ouuueeeoeeeerreescenesrreeerneeeennnsnenes 132
49. Profiles of cross section PR147 from 1996 10 1998 ... eeeeeoceeeeeceveereeecnecearecescssens 133
50. Map showing the location of cross section PR151 in the Huckins School quadrangle... 140
51. Profiles of cross section PR151 from 1988 t0 1992 .......eueeieeeericiecieecereceeeeecenesaeeen 141
52. Profiles of cross section PR151 from 1992 t0 1996 .........eoereeeveeeerrenereceenieeseeesesessesnens 142
53. Profiles of cross section PR151 from 1996 t0 1998 ........ceeeeevreeeereereeeeremerrernesreesenrsneas 143
54. Map showing the location of cross section PR156A in the Huckins School quadrangle 149
55. Profiles of cross section PR156A from 1988 10 1992 ........coeiemreereeccrncecreereerceneesernees 150
56. Profiles of cross section PR156Afrom 1992 t0 1996 ........ouceeeeceerirercnreinreerevesnernseesne 151
57. Profiles of cross section PR156A from 1996 10 1998 ........eeereeerirerreereneseneeereeeceresenens 152
58. Map showing the location of cross section PR156 in the Huckins School quadrangle... 159
59. Profiles of cross section PR156 from 1988 t0 1992 .......ccooveeemiemerrenserentiereeereessneesesanes 160
60. Profiles of cross section PR156 from 1992 t0 1996 ........cuecveeveeeeererrrrecessseereeseessessnnees 161
61. Profiles of cross section PR156 from 1996 to 1998 teeessresssseersressseessrersseessseennrn 162
62. Map showing the location of cross section PR163 in the Yarger Butte quadrangle........ 169
63. Profiles of cross section PR163 from 1988 t0 1992 ......coovvreeoreneerecierirenreseeesesceesees 170
64. Profiles of cross section PR163 from 1992 t0 1996 .......c..uoecevereerceeevneereerrrreseeensesennes 171
65. Profiles of cross section PR163 from 1996 t0 1998 ..........oocoemeemeceeneeeccrreeeeseeesneesnens 172
66. Map showing the location of cross section PR164.8 in the Lonesome Peak quadrangle 179
67. Profiles of cross section PR164.8 from 1986 t0 1998 ............ooeoreeieecieeeereeseeeeneeaeen 180
68. Map showing the location of cross section PR165.6 in the Lonesome Peak quadrangle 184
69. Profiles of cross section PR165.6 from 198010 1998 ..........ooorreeveecveeirrreceeeeneenenenans 185
70. Map showing the location of cross section PR166.0 in the Lonesome Peak quadrangle 189
71. Profiles of cross section PR166.0 from 1980 t0 1998 ........c.eoomeevomivieniiceeeeeraeeeeeneeeanan 190
72. Map showing the location of cross section PR166.6 in the Lonesome Peak quadrangle 194
73. Profiles of cross section PR166.6 from 198010 1998........cueooieeeveceenenereenreeeeeeesnnanes 195
74. Map showing the location of cross section PR167 in the Lonesome Peak quadrangle... 199
75. Profiles of cross section PR167 from 1988 10 1992 .........couvveeeemereeceeereirereeceneeeeeeneeanes 200
76. Profiles of cross section PR167 from 1992 10 1996 .....cuuieeireenreneniercenereeeseaeesseecaaens 201



Page

77. Profiles of cross section PR167 from 1996 t0 1998 ........eeoeereeereeeneeeecrseneasensenseenns 202
78. Map showing the location of cross section PR167.5 in the Lonesome Peak quadrangle 209
79. Profiles of cross section PR167.5 from 198010 1992 ........ceoeevreveeccienrncereneeeceecnnens 210
80. Map showing the location of cross section PR168.5 in the Lonesome Peak quadrangle 214
81. Profiles of cross section PR168.5 from 198010 1998 ...........oooeeereeccenmrreneenrereeenennaenene 215
82. Map showing the location of cross section PR169.2 in the Lonesome Peak quadrangle 219
83. Profiles of cross section PR169.2 from 198010 1998 ...........uoicoeoeinnrreereecreeereeenenneas 220
84. Map showing the location of cross section PR169.8 in the Lonesome Peak quadrangle 224
85. Profiles of cross section PR169.8 from 1980 t0 1998 ..........eoreooreveecrecerreeerreeeneeenenns 225
86. Map showing the location of cross section PR170.5 in the Lonesome Peak quadrangle 229
87. Profiles of cross section PR170.5 from 198010 1998 ..........coooemroevimrreeccrercceeeccnees 230
88. Map showing the location of cross section PR175 in the Lonesome Peak quadrangle... 234
89. Profiles of cross section PR175 from 1988 10 1992 ... oieeccrercrencenernecrneresecesenensenes 235
90. Profiles of cross section PR175 from 1992 10 1996 .....ccemeeereeereereeecieecreereerreeeceneeneennas 236
91. Profiles of cross section PR175 from 1996 t0 1998 ... ieorceriennreereeeseneessesesrnenens 237
92. Map showing the location of cross section PR180 in the Lonesome Peak quadrangle... 245
93. Profiles of cross section PR180 from 1988 t0 1992 ........ooereveeecerrviinerecenereacccecneseaenens 246
94. Profiles of cross section PR180 from 1992 t0 1996 ......ueeemeeeeecereeeeccreeecrenecrceeevereenenee 247
95. Profiles of cross section PR180 from 1996 t0 1998 .........ooeereeiereeneeecreceeeeeeecnesesenns 248
96. Map showing the location of cross section PR183 in the Lonesome Peak quadrangle... 255
97. Profiles of cross section PR183 from 1988 t0 1992 ........eorereeeeereecreneernreneeeseereesenseeses 256
98. Profiles of cross section PR183 from 1992 10 1996 ........cooeeeeeeeeeeecnrcreeeereeerereeseessseesens 257
99. Profiles of cross section PR183 from 1996 t0 1998 ... rrrecrierneeneennrecerernneneennns 258
100. Map showing the location of cross section PR191 in the Eldon Mountain quadrangle 264
101. Profiles of cross section PR191 from 1988 t0 1992 ... oeoieeceercteceecreeeeerecanenene 265
102. Profiles of cross section PR191 from 1992 t0 1996 .........oouereeniecercrrerrrecnsenescnsesnennens 266
103. Profiles of cross section PR191 from 1996 t0 1998 ... eeeeerreeeeeeeeeeeceeeeceneeans 267
104. Map showing the location of cross section PR194 in the Eldon Mountain quadrangle 274
105. Profiles of cross section PR194 from 1988 t0 1992 .........eeeoerooeeecrerecceeeeceeeeeeeecneeeeee 275
106. Profiles of cross section PR194 from 1992 t0 1996 .......ceuveeeerecerccemerreenveceeerreseesne. 276
107. Profiles of cross section PR194 from 1996 t0 1998 .........ooeeeeereeeeeeeeeceeenneereseseenreneens 277
108. Map showing the location of cross section PR200A in the Broadus quadrangle.......... 283
109. Profiles of cross section PR200A from 1988 t0 1991 .......oeeevevreenteereccereeeenneereesses 284
110. Profiles of cross section PR200A from 1991 t0 1994...........oeeeiieeeerereecceeecenenenenerene 285
111. Profiles of cross section PR200A from 1994 t0 1997 ... eeoeeeecreieceereeceeecnveennne 286
112. Profiles of cross section PR200A from 1997 to 1998.........ouooreerrrenrecreererereeensnennene 287
113. Map showing the location of cross section PR206 in the Broadus quadrangle.............. 297
114. Profiles of cross section PR206 from 1988 t0 1992..........ccocovmmerenreerncesrncenranenee 298
113. Profiles of cross section PR206 from 1992 to 1996.......... revresseesasesateessessntesnressraeeraesnns 299
116. Profiles of cross section PR206 from 1996 t0 1998..........ooeecrreeceerieneenreenerereeeneennens 300

vi




TABLES

Page
1. Suspended-sediment characteristics of samples collected during floods on
Powder River at Moorhead and Broadus, Montana............c.ccooeeevereeeecrrseeesereesessanesenes 7
2. Particle-size analysis of sediment deposited on the flood plain and on the bed
OF POWAET RIVET ...t eeeeeeseenceeesessssnsstsacsseassasesseassanerssssessaseassannses 12
3. Vertical and geographical locations of bench marks or reference monuments for
cross sections of Powder River between Moorhead and Broadus, Montana.................. 16
4. Minimum riverbed elevation at the end of the water year for 1989-1998 ........................ 20
5. Changes in the minimum riverbed elevation for 1978-1998..........cccoovvnrnnnnnnncnnns 21
6. Erosion and deposition of sediment at channel cross sections on the Powder River ....... 22
7-39. Listings of horizontal stations and elevations for cross sections
To PRIL3 ettt st et seseesss s sesmpe st st sosssssssssses s snsssamasesesnsnsssesnsasasasens 39
8. PRILG. et crecectectesc et ene e s se e st stsaen s e et srnssstsbessssssssrasassnensanssssnns 49
0. PRI20 ceeeceeeeeceeteeemeeestes e sessecessaseseacsssssacssssssasstassassnessnsensrssssssessestsssssabossanss 58
TO. PRI22 .. eecrcereeceaeesesesucnansessesessasssssssssasnessanssenesusanssessensesesssssrsassssencenassseas 66
L1, PRI22A. ettt stensecasmesenee s e sensessmssassestosscsssnts sest s st easesesensssacessnenn 72
12, PRI2S .eeeeeeeeeeceeencstascceneseasssesnsssasssas sssssssosanessassnsanessassenserssasessssassnsssasess 83
13, PRIB0 et s ssenssen sesacssesessssscsssssasessssssess srsosssssntressasssncansates 93
T4, PRIBO ..ttt cata e encaseesessenssesssnstsbessssesssesessshsnsssessbssssnssssssenes 102
15, PRIAT oottt et sens e as s se st etsnsmensemssssenssesasmsasssnentensseaeses 110
16. PRIGIA.....eeceereeectee et e seeeestesescsnesessetsses s e sssnsanesesaessassssssontassssensrenseseas 116
17, PRIALT e eeeeeetiecntt e steccnteesesaesessesasescsstsssnensossssssesssasassasosesssannassess 125
18, PRIAT et ecsenaseeeeassence semeancsente st sesesesaeassessnssassusssstenensanasenssrene 134
19, PRIST ettt sttt sa e tssees s ssemescscssnsasassssossasasssesssssassesssecsaessasasen 144
20. PRISOA......oeeeecnrencemtnerenstseesinrstecsesassesasa seasasssetecnsseserssssnrosncssesessassssnsanssossasases 153
21, PRISE oo ent et seetsaescnssnssenessssssssssnsasassasessssasesssssesmsnsssssnsnssnsnssses 163
22, PRIGS ....ceeemintstnisnsenstsscrecstssenessacossssseasasesasesessssstssasassssssssssssssssensmasnessasstsees 173
23, PRIGAS ...t srsase e stst v s e ssese s e cts suesasss s et e sbnass o saamamernasesess 181
24. PRI165.6 ..........ocuceeccuecnnnne. Soeensasssesisseneassststasasenintsbssrasansete sesssasu s s saeR e st s se st sbatse 186
25. PRI66.0 ... eretesene s entantsaennarnansas 191
26. PRIBO.G .......oceeeeecncencncrieeceeeceet et saeace s aeaesesastescene sttt e g et sssabesesesasencsasarerassea 196
27, PRIEGT ettt eosessacss st e sesesae st st steaessassssssestissssssentassassmessnssnss 203
28. PRIBT.S .eeeeeeereeceecneeccte st cncseceese s e sesas s s ssssesan snssassnsasensensans saseemsasssassnsennenson 211
29. PR168.5 ..........cccecucnee.. retentte et ee e sttt s s et et tm e me et st atr b st st st smnesans 216
30, PRIBO.2 ...ttt s esntncse e s sesesacs s ssessene s e st sabessnsasessssensanasnonnes 221
31 PRIBOG ...ttt etcemeerscstens e s sasssa s sasaansnne ssbesassne sesesacassassasssanssnas 226
32, PRITOS eeeeeeeceiencten st esses e seuencssesesesssssscsessssesesssssssanesasessmssnsnsnsasssssons 231
33. PRITS et csccnenennne e veeensarenensos ceeneenenseeneasnes 238
34, PRIBO .ttt tss st et sasmssasssesestsasssassrboserssaenssansesesmsane 249
35, PRIBS ettt ea s ss st sntse et sttt sttt e e s s ansasassesen 259
36. PRIGL .ttt s st aser et ssse st caseb e sesbaeas et erssasensssasaasasnason 268
37, PRIGA ...ttt et s st s s b et a s s s st st sasaessnsasasasessasasan 278
38. PR200A........oietiecetcrtee sttt st ses e s e ss et st s s e ts s s essnsesesanssnnsnsnsssanse 288
39, PR20G ....eceveevenreeiereeecrentscsacsesmscssessssssnsnssnsasasssbessssesessesasssssssssesssssnssssesersasessananes 301
Appendix Sand-Silt and Clay analysis of suspended-sediment samples collected at
Moorhead and Broadus, Montana, on the Powder River.............ccccuueeuueeenen.... 307

vii



CONVERSION FACTORS

Metric units (International System) in this report may be converted to inch-pound units by
using the following conversion factors:

Multiply By Io obtain
Length

meter (m) 3.281 foot (ft)

kilometer (km) 0.6214 mile (mi)
Area

square meter (mz) 10.76 square foot (ftz)

square kilometer (km?2) 0.3861 square mile (mi2)
Volume

cubic meter (m°) 1.308 cubic yard (yd3)
Velcity

meter per second (m/s) 3.281 foot per second (ft/s)
Flow

cubic meter per second (m>/s) 3531 cubic foot per second (cfs)

cubic meter per year (m>/yr) 3531 cubic foot per year (f/yr)
Mass

kilogram (kg) 2.205 pounds avoirdupois (Ib)
Mass Flow

metric tons per day 1.102 tons per day (tons/d)

metric tons per year 1.102 tons per year (tons/yr)
Mass Yield

metric tons per square kilometer 2.854 tons per square mile

per year (metric tons/kmz/yr) per year (tons/mizlyr)

Sea level: In this report "sea level’ refers to the National Geodetic Vertical Datum of 1929
(NGVD of 1929)--a geodetic datum derived from a general adjustment of the first-order level nets
of both the United State and Canada, formerly called Sea Level Datum of 1929.
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Errata

These are corrections for the first Open-File Report 89-407 titled:

Channel Changes at cross sections of the Powder River between Moorhead and Broadus,
Montana, 1975-88 by John A. Moody and Robert H. Meade.

p. 6 and 7. Elevation for cross section PR163 is 965.53 meters above sea level.
p- 13. The labels in figure 4 should read Moorhead not Moorehead.
p. 143. Location of bench mark BM-PR156 is shown (not BM-PR151).

p. 244. Bench mark for PR206 is on the right bank (not on the left bank).
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EROSION AND DEPOSITION OF SEDIMENT AT CHANNEL CROSS
SECTIONS ON POWDER RIVER BETWEEN
MOORHEAD AND BROADUS, MONTANA, 1980-98

John A. Moody, Robert H. Meade, and Holly A. Martinson

ABSTRACT

Erosion and deposition of sediment and some characteristics of these sediments were mea-
sured along a 95-kilometer study reach of Powder River between Moorhead and Broadus, Mon-
tana from 1988 to 1998. Suspended-sediment samples were collected at two gaging stations
(Moorhead and Broadus, Montana). Sediment samples were also collected from the flood plain
and channel within the study reach. Bed elevations were measured each year after the peak runoff
at 21 cross sections and for different time intervals at an additional 12 cross sections.

The proportions of sand (particle diameters greater than or equal to 0.063 millimeters) and
silt and clay (less than 0.063 millimeters) in the suspended sediment depended upon the type of
flood. Ice break-up floods in February and March carried 28 percent sand, snowmelt floods in
May and June carried 23 percent sand, and flash floods during the summer carried 7 percent sand.
The proportion of sand in the deposited sediment depended upon the distance of the sample from
the channel. Samples from the channel contained about 99 percent sand, samples from the flood
plain crest adjacent to the channel contained about 70 percent sand, and samples from the flood
plain trough farthest from the channel contained about 10 percent sand.

Changes in erosion and deposition of sediment were measured by changes in the mini-
mum riverbed elevation and changes in the cross-sectional area. In general, the minimum river-
bed elevation fluctuated from year to year and showed no strong trend toward either increase or
decrease. Standard deviations of the minimum riverbed elevation ranged from 0.01 to 0.30 meter.
Areas of erosion and deposition were calculated for successive years at each cross section and
subjectively assigned to four features where erosional and depositional processes were active: 1)
bank, 2) flood plain, 3) channel, and 4) point bar. Erosion exceeded deposition by 47 percent at
one cross section and deposition exceeded erosion by 41 percent at another cross section. How-
ever, the average of all the cross sections indicated, in general, that the erosion of sediment was
balanced by the deposition of sediment.



INTRODUCTION

Powder River flows east and northeast from the Bighorn Mountains in north-central Wyo-
ming through northeastern Wyoming and southeastern Montana (fig. 1). At its confluence with

the Yellowstone River, Powder River drains an area of 34, 706 km? and has an average discharge

of about 500 million m>/yr or 16m>/s. Near the Wyoming-Montana State line (at the gaging sta-
tion at Moorhead, Montana), Powder River discharges an average of 2 to 3 million metric tons of
suspended sediment per year, which corresponds to a sediment yield of about 400 metric tons/

km?/yr. The Powder River drainage basin includes areas of conventional production of oil and

coal (Teapot Dome oil fields and part of the Gillette coal field) and areas of coal-bed methane pro-
duction. At the present time, the primary use of river water in the basin is for irrigation. No dams
or other large engineering structures obstruct the flow of Powder River or its principal tributaries.

Three types of floods occur on Powder River: ice break-up floods, snowmelt floods, and
flash floods (figs. 2 and 3). Ice break-up floods are caused by snowmelt or rain at low elevation in
February or March. They occur along most of the mainstem and last a few days to a week, often
breaking up the ice cover and creating ice dams, which amplify the flooding in localized areas.
Snowmelt floods are caused by snowmelt at higher elevations, primarily in the Bighorn Moun-
tains. Snowmelt floods usually are larger than the ice break-up floods, typically occur in May or
June along the entire mainstem, and may last several weeks. Flash floods are caused by localized
summer (June through September) convective rain storms. They affect only a few tributaries and
often only part of the mainstem Powder River.

In 1975, a program of measurements was begun to define long-term sediment budgets and
channel changes along a study reach of Powder River. This river was selected for several reasons.
First, Powder River carries a large load of suspended sediment (Hembree and others, 1952),
which is an indication of active sedimentary processes in the river and in its drainage basin. Sec-
ond, Powder River is one of the few remaining rivers of its size in the region that is not controlled
by a dam (in contrast with the neighboring Bighorn, Tongue, and Belle Fourche Rivers). Third, a
major flood occurred on the river in 1978, and these post-flood measurements continue a long-
term record (Moody and Meade, 1990) of how an active river-floodplain system adjusts to a

major disturbance.
Purpose and Scope

The purpose of this report is to present measurements of the erosion and deposition of sed-
iment at channel cross sections following a major flood in a river that carries a large sediment
load. The reach selected for detailed study was the 95-km reach of Powder River between Moor-
head and Broadus, Montana (fig. 1). Samples of suspended sediment (eroded sediment) were col-
lected at the gaging stations at Moorhead and Broadus, and samples of sediment deposited on the
flood plain were collected at various locations. Data are presented that describe the characteris-
tics of this eroded and deposited sediment. The amounts of erosion and deposition of sediment at
channel cross sections were computed from the distances and elevations listed in this report and
subjectively assigned to four features where erosional and depositional processes were active: 1)
bank, 2) flood plain, 3) channel, and 4) point bar.
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SUSPENDED-SEDIMENT

Depth-integrated samples of suspended sediment were collected from bridges near the
gaging stations at Moorhead, Montana, from 1975 through 1997 and at Broadus, Montana, from
1975 through 1995. These samples represent typical sediment eroded from the banks and bed of
Powder River. Particle-size analyses of 305 of these samples included either a determination of
sand fraction and silt and clay fraction by sieve analyses at whole phi intervals [phi = -log, (parti-
cle diameter in millimeters)], or a determination of sand fraction, silt fraction, and clay fraction by
settling analyses at whole phi intervals (U.S. Geological Survey, 1975-97). These analyses were
sorted first by the type of flood and then by whether or not the mean daily discharge was increas-
ing (rising stage), at a maximum, decreasing (falling stage), or at a minimum. From the 305 sam-
ples, 51 samples were collected during ice break-up floods, 47 samples were collected during
snowmelt floods, 17 were collected during flash floods, and 190 samples were collected during
other times of the year. Because all analyses (115 samples, see Appendix) obtained data for the
percent sand (>0.063 mm) and for the percent silt and clay (<0.063 mm), the sediment character-
istics of the three types of floods are summarized by these two size classes (table 1).

The maximum total suspended-sediment concentration and the relative proportions of
sand versus silt and clay were different for the three types of floods. Snowmelt floods carried the
greatest maximum concentration (52,200 mg/L), followed by flash floods (49,700 mg/L), and ice
break-up floods (26,000 mg/L). Ice break-up floods carried a greater percentage of sand (28 per-
cent) than either the snowmelt floods (23 percent) or the flash floods (7 percent). In ice break-up
floods, the greatest mean concentration of sand (3,820 mg/L) occurred during falling stages,
whereas in snowmelt and flash floods, the greatest mean concentrations (3,160 and 2,880 mg/L,
respectively) occurred during maximum stage. Flash floods during maximum and falling stages
(no samples were collected during rising stages) carried a greater percentage of silt and clay (90-
96 percent) than ice break-up floods (66-81 percent) and snowmelt floods (75-79 percent). Mean
concentrations of silt and clay (15,300-24,300 mg/L) during the maximum and falling stages of
flash floods were also greater than those measured for ice break-up floods (5,110-5,120 mg/L)
and for snowmelt floods (6,130-16,600 mg/L).

Many samples were collected during a snowmelt flood (13 May 1981 to 6 July 1981) and
during an ice break-up flood (19-21 March 1997). Both data sets were collected at the gage at
Moorhead, Montana. For the snowmelt flood (fig. 4A), the silt and clay concentration indicated a
clockwise loop relation with discharge. The maximum concentration of silt and clay (18,200 mg/

L) occurred during the rising stage (33.1 m>/s) before the maximum discharge (56.9 m’/s). The
sand concentration approximated a linear relation with discharge and reached a maximum at max-

imum discharge (3,580 mg/L at 56.9 m>/s). During the ice break-up flood (fig. 4B), in contrast,
the silt and clay concentration showed a counterclockwise hysteresis loop and reached a maxi-

mum concentration (7,680 mg/L) on the falling stage (63.1 m>/s) after the maximum discharge
(129 m>/s). The sand concentrations showed a similar relation with discharge but a greater con-
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Table 1. Suspended-sediment characteristics of samples collected during floods on Powder

River at Moorhead and Broadus, Montana
[Data source is annual publications (U.S. Geological Survey, 1975-97); mm, millimeter; %, percent of total
concentration; mg/L, milligram per liter; Slope, slope of linear regression of concentration and water discharge in

cubic meters per second (m3/s); Intercept, intercept of linear regression of concentration and water discharge in
cubic meters per second; r2, coefficient of determination; nr, insufficient data or coefficient of determination is

less than 0.1}
Silt and Clay (<0.063 mm) Sand (>0.063 mm)
Characteristic Rising ﬁﬁ Falling “:u‘zl Total Rising ﬁﬁ Falling I:n"u“l:l Total
Ice break-up floods
Number samples 14 5 32 2 53 14 5 32 2 53
Mean (%) 82 81 66 78 72 18 19 34 22 28
Mean concentration 2,610 . 5,110 5,120 2,390 4,350 570 1,240 3,820 1,010 2,610
(mg/L)
Slope (mg/L per m%s) 24 -25 nr nr nr 1 nr 100 or 551
Slope for intercept = 0 41 nr or nr nr 9.7 nr 80 or
Intercept (mg/L) 1,200 6,300 or nr nr -110 o -1,500 or -200
Intercept set = 0 0 nr nr nr nr 0 nr 0 or 0
r 056  0.68 nr or r 0.54 nr 0.48 nr 0.19
12 for intercept = 0 0.24 nr nr nr or 0.53 nr 0.44 nr 0.19
Snowmelt floods

Number samples 13 14 17 4 48 13 14 17 4 48
Mean (%) 79 79 75 68 77 21 21 25 32 23

Mean concentration 8,940 16,600 6,130 1,180 9,590 1,740 3,160 1,570 488 2,000
(mg/L)

Slope (mg/L per m3/s) 92 240 63 52 120 14 34 9.6 37 19
Slope for intercept = 0 133 210 79 62 140 25 37 nr 33 27
Intercept (mg/L) 3,700 -3,000 2,000 320 1,700 940 360 930 -130 750
Intercept set = 0 0 0 0 0 0 0 0 r 0 0
r? 0.30 0.67 0.20 092 038 034 0.70 0.28 0.98 0.43
¥ for intercept = 0 0.20 0.66 0.21 0.85 0.37 0.05 0.69 nr 0.96 0.34
Flash floods
Number samples 0 4 13 1 18 0 4 13 1 18
Mean (%) - 90 96 68 93 - 10 4 32 7
Mean concentration - 24300 15,300 2,260 16,600 — 2,880 583 1,070 1,120
(mg/L)
Intercept (mg/L) nr 11,000 3,600 nr 10,000 nr 940 -150 nr 410
Intercept set = 0 nr 0 0 nr 0 nr 0 0 nr 0
r? nr 060 042 nr 0.43 ar 0.82 0.86 or 0.84
r? for intercept = 0 nr 0.40 0.39 nr 0.10 nr 0.73 0.84 nr 0.80
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centration (11,500 mg/L) during the falling stage (63.1 m%/s).

The relation between suspended-sediment concentration and discharge was variable for
the three types of floods. Visual inspection of the patterns of the data indicated that linear regres-
sions would approximate the relations as well as more complex equations. Thus, two straight
lines were fit to the data for each flood and for each stage category (rising, maximum, falling, and
minimum). One line allowed the concentration at zero discharge to differ from zero and the other
line set the concentration at zero discharge equal to zero (table 1). Most of the linear relations had

coefficients of determination (%) less than 0.50. However, the relations between the concentration
of silt and clay and maximum discharge and the relations between the concentration of sand and
the maximum discharge had coefficients of determination greater than 0.50 (see lines in figure 5).
The one exception was for ice break-up floods where the concentration of silt and clay decreased
with increase in the maximum discharge. During falling discharge in ice break-up floods, sand
concentrations were the largest (fig. SA, right panel), but the relation with discharge had a correla-
tion coefficient of only 0.48 and 0.44 for the two linear regressions.

DEPOSITED SEDIMENT

Samples of the sediment deposited on the flood plains and in the channels were collected
over several years at different cross sections. Some samples were sediment cores, some were
composite samples collected from the sides of holes dug in the flood plain, some were surficial
samples, and one sample was collected underwater from newly deposited sediment adjacent to the
river bank. All samples were processed by either wet sieving or dry sieving on a Ro-Tap for 20
minutes to determine the sand fractions (>0.063 mm) and the silt and clay fraction (<0.063 mm).
The silt and clay fraction, in some cases, was further analyzed by settling in a solution of sodium
hexametaphosphate and using standard pipette methods (Guy, 1969) to separate the silt fraction
and the clay fraction.

Sample collection was concentrated on examples of the channel-expansion flood plains
(PR120, PR125, PR136, PR151, and PR156A), which developed slowly in annual increments fol-
lowing the 1978 flood (Moody and others, 1999). The percentage of sand in sediment deposited
on the flood plain crest at PR120 (table 2) decreased in the downstream direction. At 400 m
upstream from the cross section, sand comprised 87.3 percent and decreased to 68.4 percent at
200 m downstream. In general, after many floods, the sediments on the flood-plain crest adjacent
to the channel at other cross sections were mostly sand (38.5-87.3 percent) and the average of 12
samples in table 2 was 72.2 percent. Sediments in the flood-plain trough were mostly clay (36.7-
52.0 percent) with an average sand content of 13.2 percent for 6 samples in table 2. Sediment
deposited after a single flood in October 1994 was coarser (80 percent sand) at the flood-plain
crest of PR156A and finer (24.1 percent sand) in the flood-plain trough (table 2).

The channel banks and beds are sources of sediment that may be eroded or resuspended
and deposited on the flood plain. The bank sediment was mostly sand (60.8 percent) in the top
layer (0-0.30 m) and mostly silt and clay (59.6-89.9 percent) in the remaining layers, down to a
basal gravel layer (table 2). The bed of Powder River is mostly sand and gravel (99.2 percent
sand). Patches of sand move over the top of the gravel and change location along the cross sec-
tions from year to year. The sand is mostly fine and medium sand (77.3-95.8 percent). However,
newly deposited sediment on the bed can be finer. For example, sediment deposited adjacent to
the bank of cross section PR125 during a snowmelt flood in 1996 contained 99 percent silt and
clay and 1 percent sand. The particle-size distribution of these deposited sediments is compared
with the suspended or eroded sediments in figure 6.

\
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Table 2. Particle-size analysis of sediment deposited on the flood plain and on the bed of

Powder River

[mm, millimeter; m, meter; <, less than; >, greater than; Location is given by the cross section number fol-
lowed by.the distance in meters upstream (negative) or downstream (positive); sta., station)]

Percent of total sample

Clay Silt Sand Total percentage
Date Location Sta. Depth 0.004- 0.008- 0.016- 0.032- 0.063- 0.125- 0.250- 0.500-
<0.004 0.008 0.016 0.032 0.063 0.125 0.250 0.500 1.00 >1.00
(m) (m) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) Clay Siit Sand
19922
10 Aug. PR120-400 crest 0-0.25 27 10.0 36.1 484 24 04 0.0 27 100 873
PR120-330 crest 0-0.25 3.0 11.8 395 430 23 0.3 0.0 30 118 85.1
PR120-220 crest 0-0.25 6.2 20.2 42 2719 12 04 0.0 62 202 737
PR120-110 crest 0-0.25 49 233 402 304 0.9 0.3 0.0 49 233 71.8
PR120+70  crest 0-0.25 39 18.9 439 322 0.9 0.2 0.0 39 189 772
PR120+200 crest 0-0.25 5.1 26.7 441 235 0.7 0.1 0.0 5.1 267 684
PR120+8 56 0-0.25 8.1 57.4 25.8 7.3 1.0 0.3 0.0 8.1 574 344
PR120+8 58 0-0.25 15 43 241 673 23 04 0.0 1.5 43 941
PR120+8 65 0-0.25 52 304 442 193 0.7 0.1 0.0 52 304 643
PR120+8 72 0-0.25 41.0 46.3 72 4.8 0.6 0.0 0.0 410 463 126
1994
24 Sept. PR120-220 bed 0-0.25 02 09 225 585 13.4 4.5 02 99.8
PR120-170 bed 0-0.25 04 07 292 559 9.3 45 04 99.6
PR120-110 bed 0-0.25 0.8 22 481 477 0.9 0.2 08 99.1
PR120 bed 0-0.25 0.3 49 777 156 0.9 0.5 03 99.6
PR120+35 bed 0-0.25 22 192  68.0 9.3 0.6 0.6 22 97.7
5Nov. PR120+2 60.0 0-1.15 74 1.2 1.9 5.5 144 310 372 1.2 0.1 0.0 74 230 695
62.0 0-1.00 46 0.7 2.1 52 85 354 430 03 0.0 0.0 46 165 787
65.0 0-1.00 12.0 1.1 54 107 216 238 235 19 0.0 00 120 388 492
69.0 0-1.00 25.0 58 142 240 157 10.9 44 0.0 0.0 0.0 250 597 153
75.0 0-0.40 36.7 64 152 159 13.2 72 5.0 04 0.0 0.0 367 507 126
5Nov. PR125+2 12.0 0-0.40 38.9 3.1 135 204 165 5.5 1.8 0.2 0.0 00 389 535 75
300 0-0.95 139 22 47 114 185 299 182 1.1 0.1 00 139 368 493
360 0-1.00 13.6 19 4.7 11.8 232 239 180 2.3 0.6 00 13.6 416 448
42.0 0-1.00 103 16 39 9.9 19.5 302 238 0.7 0.0 00 103 349 54.7
5 Nov. PR136+2 51.0 0-095 7.7 0.7 2.8 5.1 10.0 180 441 10.8 0.7 0.0 7.7 186 73.6
57.0 0-1.00 15.6 14 6.7 133 227 224 146 27 0.6 00 156 441 403
65 0-0.85 14.0 1.6 5.6 94 151 213 283 3.2 1.3 02 140 317 543
6 Nov. PR151+2 22.0 0-0.60 37.1 34 148 168 16.1 10.6 1.1 0.0 0.0 0.0 371 511 117
30.0 0-1.00 195 29 59 151 256 20.7 9.3 0.9 0.0 00 195 495 309
37.0 0-0.80 15.7 2.0 65 127 246 257 122 0.6 0.0 00 157 458 385
12



Table 2. (Continued) Particle-size analysis of sediment deposited on the flood plain and on the

bed of Powder River
Percent of total sample
Clay Silt Sand Total percentage
Date Location Sta. Depth 0.004- 0.008- 0.016- 0.032- 0.063- 0.125- 0.250- 0.500-
<0.004 0.008 0.016 0.032 0.063 0.125 0.250 0.500 1.00 >1.00
{m) (m) (mm) (mm) (mm) (mm) (mMm) (Mm) (mm) (mm) (mMm) (mm) Clay Slit Sand
6 Nov. PR156A+2  61.0° 0-0.02 34 0.7 1.7 4.1 10.1 314 481 0.5 0.0 0.0 34 166 800
615 0-095 129 1.8 63 129 204 260 193 0.5 0.0 00 129 414 458
640 0-1.00 13.8 18 43 11.0 217 32.8 14.1 0.5 0.0 00 138 388 474
64.5° 0-0.02 10.8 25 56 108 18.1 427 9.3 0.1 0.0 00 108 37.0 52.1
67.0° 0-0.05 19.1 1.7 7.1 13.1 19.1 313 85 0.0 0.0 00 191 410 398
67.0 0-0.98 16.3 1.6 64 149 281 22.8 9.3 0.6 0.0 00 163 51.0 327
80.0 0-0.45 42.0 72 162 175 114 4.4 12 0.0 0.0 00 420 523 56
90.0° 0-0.05 422 14 120 122 8.0 15.1 8.8 0.2 0.0 00 422 336 24.1
90.0 0-045 52.0 59 133 113 6.7 83 2.1 04 0.0 00 520 372 108
1996
28 May PR125 28.0° 0-0.10 99 1 99 1
2001
26 Sept. PR125+2 101.0¢ 0.00-0.30 392 37.1 19.9 36 0.2 0.0 392 60.8
PR125+2 101.0% 0.30-0.65 65.2 34.7 0.0 0.0 0.0 0.0 65.2 347
PR125+2 101.0¢ 0.65-0.76 79.9 20.1 0.0 0.0 0.0 0.0 799 20.1
PR125+2 101.0¢ 0.76-0.81 72.2 27.8 0.0 0.0 0.0 0.0 722 27.8
PR125+2 101.0¢ 0.81-0.91 87.4 126 0.1 0.0 0.0 0.0 874 12.7
PR125+2 101.09 0.91-0.94 89.9 10.0 0.1 0.0 0.0 0.0 89.9 10.1
PR125+2 101.0¢ 0.94-0.99 744 231 24 0.0 0.0 0.0 744 255
PR125+2 101.0% 0.99-1.14 59.6 40.1 0.2 0.1 0.0 0.0 59.6 404

3Sediment data was provided by Jim Pizzuto and interpreted by Pizzuto (1994).

®Deposited during a flood in October 1994 according to Tori Franklin.

®Newly deposited sediment collected during a snowmelt flood adjacent to the bank.

dSediment was collected from a cut bank.
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CROSS SECTIONS

Ten cross sections (identified as PR113 to PR151) were established during 1975 to moni-
tor the erosion and deposition of sediment and channel changes (fig. 7). The section number, for
example 113 or 151 (table 3), is the river distance in kilometers downstream from the mouth of
Crazy Woman Creek near Arvada, Wyoming, as shown in the U.S. Geological Survey river-sur-
vey maps of 1946 (Martinson and Meade, 1983). The first cross section was located about 3 km
upstream from the Moorhead gaging station, and the remaining sections were located 2 to 6 km
apart for 39 km (river distance) downstream from the Moorhead gaging station (table 3). Ten
more cross sections (PR156 to PR206) were established during 1977 from 43 km to about 95 km
(river distance) downstream from the Moorhead gaging station. These sections were spaced far-
ther apart (3 to 8 km), and the last section was about 1 km downstream from the U.S. Highway
212 bridge, where the Broadus gaging station was located.

After intense rainfall, a major flood occurred on Powder River between 17 May and 23
May 1978 (Parrett and others, 1984) bringing peak discharges of water and suspended sediment at

Moorhead of 800 m3/s and 2 million metric tons per day, respectively. Two cross sections (PR122
and PR141) located on bends of the river were cut off from the main channel during the flood, and
new measurement sections (PR122A and PR141A) were established in 1979 on the new cutoffs.
These cutoffs shortened the total river distance of the study reach by about 2.7 km. All reference
marks for section PR200 were completely obliterated in the flood, and a new measurement sec-
tion (PR200A) was established in approximately the same location as the old section in the fall of
1978. One section (PR156) was believed to have been lost during the flood, and a new section
(PR156A) was established about 40 m upstream for the location of the original section. Later, the
original metal reference monuments were found using a metal detector, and both sections have
been resurveyed regularly since 1978. Cross-sectional measurements, from 1975 to 1988, for
these 23 cross sections are listed in U.S. Geological Survey Open-File Report 89-407 (Moody and
Meade, 1990).

Additional cross sections have been added after the 1978 flood. Nine “cut-off” cross sec-
tions were established in 1980 and 1986 on a meander bend that was nearly cut off by the 1978
flood. The “cut-off” cross sections were spaced about 0.5-1.0 km apart to monitor the potential
channel changes upstream from, along, and downstream from the meander bend between PR163
and PR175 (figs. 7 and 8). These cross sections were not resurveyed annually but resurveyed
about every 5-7 years. One “ice-deposit” section was established in 1994 on a bend where an ice-
jam flood had deposited sediment. The single “ice-deposit” cross section (PR141.7) has been
resurveyed at varying time intervals fo monitor the fate of these ice~-deposited sediments.

There are now 33 cross sections along Powder River spanning a total river distance of 92.4
km. In the “CROSS-SECTION DATA” section at the back of this report, the township location,
U.S. Geological Survey quadrangle map, access, and landowners are listed for each cross section.
The horizontal location and average elevation (above sea level) for the hiorizontal reference mon-
uments (1/2-inch- or 12-mm-diameter, pieces of 4-foot long rebar) also are listed. The location of
the original 23 cross sections is shown on part of a U.S. Geological Survey 7.5-minute topograph-
ical map (1:24,000) and the locations of the 10 additional cross sections are shown in figure 8.
The bench mark location at each cross section is shown on a more detailed map, which includes
surrounding local landmarks. All azimuths are reported in degrees magnetic. Profiles of each
cross section have been plotted in the “CROSS-SECTION DATA” section in pairs of successive
surveys to provide a general indication of the areas of erosion and deposition and are not meant to
provide actual data. Following these section profiles is a listing of the actual stations and eleva-
tions for each cross-section profile.
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Figure 7. Locations of 20 channel cross sections and the tributaries of Powder River in the study
reach. The dashed line indicates the approximate boundary of the visually-obvious valley.

Longitude and latitude tick marks are on the outside of the border, and tick marks for the

universal transverse mercator (UTM) grid are on the inside of the border. DA and DV are
the identification letters for the 100,000-meter-square grid. PR113 is the cross section

identification.
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Table 3. Vertical and geographical locations of bench marks or reference monuments for

cross sections of Powder River between Moorhead and Broadus, Montana
[The bench mark is a brass circular plate embedded in concrete unless other wise noted. Distance is measured from
the Moorhead gaging station and based on aerial photographs taken after 1978 (from Martinson, 1983); km,

kilometer; Elevation is meters above sea level; m, meter; Azimuth is in degrees magnetic]

Bench mark location

Cross  Distance Elevation Azimuth Standard  Horizontal
section (km) (m) ] Latitude Longitude deviation  precision
(m) (m)
PR113 223 1023.34 171.5 45°03'21.49" 105° 53' 03.31" 0.412 0.432
PR116 0.65 1020.00 187.5 45°04' 07.22" 105° 51' 46.75" 0.548 0.554
PR120 4.68 1014.70 114.5 45°05' 32.49" 105°51' 14.17" 0.619 0.624
PR122A? 6.60 1010.37 133.5 45°06' 29.84" 105° 50' 47.05" 0.356 0.551
PR122P 7.07 1014.56 135.5 45°06'37.88" 105° 51' 00.00" 0.280 0.500
PR125 8.61 1008.45 084.5 45°07 06.40" 105°50' 17.91" 0.193 0.608
PR130 13.92 1002.67 075 45°08' 23.46" 105° 48' 39.01" 0.554 0.922
PR136 20.19 994.30 129 45°10' 05.91" 105° 46' 26.89" 0.283 0.433
PR141 26.10 988.93 021 45°11'35.80" 105° 45' 09.56" 0.336 0.486
PR141A% 26.22 986.99 181.5 45°11'38.08" 105° 44' 47.90" 0.443 0.425
PR141.7 269 987.34 240.5 45°11'20.20" 105° 44' 44.36" 0.527 0.759
PR147 30.24 983.92 130 45°12' 19.56" 105° 44' 06.61" 0.557 0.460
PR151 36.27 977.46 176.5 45°13'32.83" 105° 41' 47.36" 0.251 0.531
PR156A 40.24 972.17 124.5 45° 14' 44.90" 105° 39' 56.56" 1.241 0.637
PR156 40.28 972.17 109.5 45°14' 44.90" 105° 39' 56.56" 1.241 0.637
PR163 48.30 965.53 151 45°16' 12.70" 105° 37 52.08" 0.191 0.532
PR164.8% 49.6 962.75 185 45°16' 39.98" 105° 36' 35.00" 0.413 0.475 .
PR165.6* 50.4 961.60 105 45°16'49.90" 105° 36' 13.39" 0.334 0.513
PR166.0% 50.8 960.47 150 45°17' 00.10" 105° 35' 59.67" 0.290 0.622
PR166.6* 51.2 960.62 078 45°17 07.49" 105° I35' 45.17" 1.313 0.701
PR167 51.77 959.79 006 45°17' 21.96" 105° 35' 49.97" 0.527 0.490
PR167.5 523 963.34 057 No measurements were made in 1998.
PR168.52 533 958.61 221 45°17 34.14" 105° 35' 34.22" 0.257 0.772
PR169.22 54.0 957.69 114 45°17' 24.67" 105° 35'23.82" 0.466 0.495
PR169.82 54.6 958.45 127 45°17 41.85" 105° 35' 16.46" 0.268 0.779
PR170.5 553 957.07 101 45° 17" 57.44" 105° 35’ 00.38" 0.523 0.711
PR175 58.32 953.58 058 45°18'59.74" 105°34' 37.31" 0.468 0.546
PR130? 63.10 950.15 103 45°19' 51.46" 105° 32 38.16" 0.615. 0.711
PR183 67.85 945.89 059 45°20'33.33" 105°32' 10.76" 0.531 0.504
PR191 76.53 938.00 177 45°22' 18.87" 105°29° 27.95" 0.166 0.521
PR194 80.08 934 .41 225 45°22'17.71" 105°27' 51.05" 0.409 0.765
PR200A 86.28 927.80 140 45°24' 32.43" 105°27 02.73" 0.223 0.652
PR206? 92.19 921.00 266 45°26' 03.23" 105° 23' 33.50" 0.404 0.434

3This is a 12-mm-diameter steel rod or 1/2-inch rebar.

bThis is the monument at station -1.2 m, the bench mark is a 12-mm-diameter steel rod or 1/2-inch rebar located at station 0.0.
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SURVEY METHOD

Initially, at each cross section a steel reference monument (1/2-inch rebar, 12 mm in diam-
eter and about 1.2 m long) was driven almost flush with the ground to mark the horizontal zero
point (station 0.0) on the left bank (left when facing downstream), and a second monument was
driven in on the right bank to mark a convenient horizontal reference distance. Since the cross
sections were established in the 1970s, the river has changed and some of the zero reference mon-
uments have been lost to the river. Therefore, new reference monuments were established with
negative values for the station. The reference monuments were resurveyed in 1998 using a GPS
(Global Positioning System, Trimble Pro XRS). The coordinates [NAD83 (1992)] and measure-
ment accuracy and precision are listed in the CROSS-SECTION DATA section of this report.
The horizontal precision of the GPS measurements ranged from 0.3 to 1.1 m and averaged
0.6+0.2 m. Two additional steel pins were driven into the ground on the line of section but behind
the reference monuments to hold the cable clamps used to stretch a steel cable or tagline (150 m
long and 3 mm in diameter) across the river. The cable was marked every meter by a brass bead,
and horizontal distances were measured to 0.1 m by estimating between beads. Distances
between reference monuments (108 to 321 m) were measured using both the GPS and the tagline
and the difference between these two methods was +0.7 m or about 0.2 to 0.6 percent. Elevations
were not measured by the GPS method.

A local vertical bench mark was installed at each cross section, and the elevation above
sea level was determined by leveling from U.S. Coast and Geodetic Survey bench marks shown
on the U.S. Geological Survey topographic maps. The local bench mark consisted of a brass cir-
cular plate embedded in reinforced concrete, which was flush with the ground. The cross-section
identification number (for example, PR113) is stamped into the plate, and an arrow in the center
of the brass plate points to station 0.0. The location of each bench mark is shown in a figure in the
CROSS-SECTION DATA section. Typical errors in the measurement of elevation (1.4-1.9 cm)

and change in cross-sectional area (0.6-1.2 m?) are discussed by Moody and Meade (1990) and
applied to this report because the same methods were used.

CHANNEL CHANGE

Two measurements of the changes in erosion and deposition have been used for this
report: (1) changes in the minimum riverbed elevation, and (2) changes in the cross-sectional
area. These are net annual changes between the time of two successive cross-section surveys and
do not represent the total amount of erosion or deposition. For example, during an ice break-up
flood, sediment may be deposited on the banks and adjacent flood plain. A later snowmelt flood
may erode these sediment deposits and perhaps some of the bank. A late summer flash flood may
deposit some sediment in the area where the bank existed before the snowmelt flood. The net
result, whien measured in the fall, may therefore indicate only erosion near the bank while in real-
ity there may have been substantially more of both deposition and erosion.

Minimu v vati

The minimum riverbed elevations for each cross section are listed in table 4. These data
were combined with similar data for 1975-1988 (Moody and Meade, 1990) and linear trends were
calculated for 20 years (table 5). The minimum riverbed elevation decreased with time for 8 cross
sections and increased with time for 15 cross sections. However, only 5 of the linear trends had

coefficients of determination greater than or equal to 0.50. Two sections, PR122 (r2=0.92) and
PR141 (r2=0.50), were cut off and abandoned during the 1978 flood. Of the remaining 3 cross
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sections, two (PR120, r?=0.53 and PR151, r2=0.68) showed a decrease in the minimum riverbed

elevation and one (PR122A, 12=O.70) showed an increase in the minimum riverbed elevation. In
general, the minimum riverbed elevation was stable and simply fluctuated from year to year as
indicated by the standard deviation of the elevation, which ranged from 0.01 to 0.30 m (table 5).

Area of Erosion and Deposition

The cross-sectional area of erosion and deposition was computed for successive surveys
by linearly interpolating the elevations between horizontal measurements at every 0.1 m. Then
the positive (deposition) and negative (erosion) differences were summed separately between a
starting station and an ending station. The starting and ending stations corresponded to four fea-
tures where erosional and depositional processes were active: 1) bank, 2) flood plain, 3) channel,
and 4) point bar. Sometimes distinguishing between features (for example, where the channel
ended and the point bar started, or whether deposition was on a point bar or flood plain) was suf-
ficiently difficult that the identification of these features must be considered subjective. This
method of calculation approximated the cross-sectional area as a sum of narrow (0.1 m wide) rect-
angular strips. The error in this approximation was estimated by calculating the exact areas as
sums of triangles and by subtracting the areas computed using the rectangular approximation.

The difference, for one cross section, was 0.01 m? for the area of deposition and 0.11 m? for the
area of erosion. This was a 1.4-percent difference for the total area of channel change. The field-
leveling error was determined by computing the area of erosion and deposition for duplicate sur-
veys of cross sections PR141A, PR163, and PR206 (Moody and Meade, 1990). The average error

(for the six values of erosion and deposition) was 0.88 m? per 100 horizontal meters of surveyed
cross section.

During the 10 years from 1988 to 1998, the erosion of sediment balanced the deposition of
sediment in the study reach of Powder River (table 6). The average ratio of the net erosion
divided by the net deposition for the 21 cross sections surveyed annually was 1.02. The 2 percent
difference is less than the error of the measurements. Erosion was greater than deposition at 10
cross sections. Cross section PR122A, on a new channel formed during the 1978 flood, had the
largest ratio (1.47), but for PR141A, the other cross section on a new channel, the ratio (1.08) was
less. PR200A had the second largest ratio (1.39) but this section was influenced by human activ-
ity. Cross sections PR163 and PR180 with evolving point bars also had large ratios (1.38 and
1.32, respectively). Deposition was greater than erosion at 11 cross sections (ratios less than 1).
The greatest deposition (smallest ratio) was at PR175 (0.59) followed by PR130 (0.61) and
PR120 (0.66). PR120 is an example of a channel-expansion flood plain (Moody and others,
1999), which is still evolving by vertical accretion 20 years after the 1978 flood. The other exam-
ples of channel-expansion flood plains (PR125, PR136, PR151, and PR156A) had ratios of 1.04,
0.92,0.90, and 1.11.

The greatest amounts of bank erosion during the 10 years occurred at cross sections with

point bars. This excludes PR200A, which had the greatest erosion (253.9 m2), but may have been
affected by human changes made in the channe] upstream from the cross section. However, the

sections with the next greatest bank erosion, PR141A (94.9 m?), PR113 (92.1 m?), and PR180

(89.8 m?), all contained active point bars. At these three cross sections most of the bank erosion
between 1988 and 1998 occurred during two years, 1991 and 1995.

The greatest amount of flood plain deposition during the 10 years occurred where the
channel had shifted and the old channel was being filled in to create a flood plain. At PR200A

(235.9 m?), the main channel shifted from the left bank to a secondary channel on the right bank
and deposition may have been influenced by human activity. At PR206 (135.6 m?), the main
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Table 4. Minimurﬁ riverbed elevation at the end of the water year for 1989-1998

[--, cross section was not surveyed]

Minimum riverbed elevation

Cross (meters above sea level)
sections

1989 1990 1991 1992 1993 1994 1995 1996 1997 1998
PR113 1019.64 1019.51 1019.59 1019.63 1019.63 1019.64 1019.14 1019.56 101948 1019.60
PR116 1015.56 1015.57 1015.48 101545 1015.58 1015.40 101521 101538 1015.31 101543
PR120 1010.65 1010.65 1010.62 1010.63 1010.60 1010.59 1010.63 1010.62 1010.62 1010.60
PR122 - - - - 1008.28 - 1008.39 - -- -
PR122A  1006.58 1006.55 1006.58 1006.59 1006.62 1006.62 1006.81 100683 1006.86 1006.86
PR125 1004.20 1004.18 100433 1004.07 1004.15 1004.22 1004.19 1004.12 1004.14 1004.22
PR130 998.39 99845 99831 99840 99832 99833 998.41 99830 99832  998.17
PR136 991.15 991.09 991.03 991.16 99125 991.15 990.69 991.14 991.14 991.09
PR141 - -- - - - -- - -- -- 987.08
PR141A 984.83 984.61 984.72 98472 984.55 984.69 984.61 984.58 984.58 984.62
PR147 980.19 98020 980.15 980.19 980.11 980.19 980.12 97989 979.89 979.90
PR151 973.72 97373 97376 97373 97370 973.68 973.64 97370 97349 973.62
PR156A 969.17 969.00 969.06 96920 969.14 969.11 969.08 969.09 969.13 969.09
PR156 969.16 968.98 969.16 969.15 969.12 969.16 969.18 969.06 969.18  968.89
PR163 961.64 961.65 961.83 96194 96172 96192 961.82 96192 96196 961.65
PR167 95697 956.70 95696 95675 956.72 95693 956.68 956.77 957.02 956.67
PR175 950.65 950.79 950.68 950.80 950.83 95049 950.81 95098 950.68 950.70
PR180 946.35 946.33  946.37 94639 94620 94624 946.48 94646 94642 946.22
PR183 942.82 942.82 94291 94271 94277 94287 942.66 94283 94272 942.60
PR191 934.54 93446 93450 93444 934.61 93450 93459 93461 934.69 934.51
PR194 93140 931.26 931.28 931.27 931.28 931.24 931.01 931.08 931.18 931.22
PR200A 92439 92390 92424 92429 92456 92449 92359 924.21 924.18 924.17
PR206 91742 91729 91664 91695 91633 916.88 917.19 91722 91738 917.23

20



Table 5. Changes in the minimum riverbed elevation for 1978-1998

[m, meter; m/yr, meter per year; 1%, coefficient of determination]

Linear trend
Cross Number of Standard
sections measure- deviation Slope oftrend Intercept 2
ments {m) (miyr) (m)

PRI113 19 0.12 -0.001 1019.54 0.00
PR116 18 0.12 -0.011 1015.61 0.28
PR120 19 0.02 -0.003 1010.66 0.53
PR122 8 0.10 0.016 1008.08 0.92
PR122A 18 0.17 0.025 1006.33 0.70
PR125 - 19 0.09 0.004 1004.12 0.07
PR130 19 0.08 0.001 998.33 0.01
PR136 19 0.13 0.007 990.99 0.11
PR141 6 0.01 0.001 987.06 0.50
PR141A 18 0.15 0.009 984.52 0.11
PR147 18 0.12 0.005 979.99 0.05
PR151 19 0.09 -0.012 973.85 0.68
PR156A 19 0.07 0.000 969.12 0.00
PR156 19 0.08 0.001 969.113 0.00
PR163 19 0.12 0.011 961.63 0.31
PR167 19 0.17 -0.010 956.98 0.13
PR175 19 0.17 0.018 950.47 0.43
PR180 19 0.14 0.015 946.12 0.42
PR183 19 0.10 -0.003 942.82 0.05
PR191 19 0.10 0.007 934.45 0.18
PR194 19 0.16 -0.008 931.37 0.09
PR200A 19 0.21 -0.004 924.27 0.01
PR206 19 0.30 0.000 917.08 0.00
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Table 6. Erosion and deposition of sediment at channel cross sections on the Powder River

[Bank includes both left and right banks and width is variable; flood plain, represents vertical erosion or
deposition on the flood plain within the channel widened by the 1978 flood and older flood plains adjacent

to the river; Eros.,erosion; Depo.,deposition; m, meter; m?, square meters]

Bank Flood plain Channel Point bar Total
vx:::-r Width Eros. Depo. width Eros. Depo. \idth Eros. Depo. width Eros. Depo. wijdth Eros. Depo.
m @) (M) (M (M) (M) m) (M) (M) (m) m) @) (m) (m) (m?)
PR113
1989 55 03 0.0 465 1.1 0.8 335 05 31 245 438 0.0 110.0 6.7 39
1990 6.0 6.9 0.0 530 00 25 280 23 0.1 230 00 111 1100 92 137
1991 150 274 0.0 570 0.1 2.6 305 00 29 195 81 0.0 1220 356 55
1992 110 40 0.0 480 03 05 395 0.9 18 265 04 0.6 1250 5.6 29
1993 140 196 0.0 480 0.1 26 260 0.1 14 40 00 232 1320 198 272
1994 40 28 0.0 685 13 2.6 340 09 1.1 255 0.1 49 1320 5.1 8.6
1995 11.5 195 0.0 580 00 140 255 09 1.2 450 27 165 1400 231 317
1996 45 47 0.0 900 07 1.6 275 21 1.6 180 03 42 1400 7.8 74
1997 100 52 0.0 9.0 14 28 190 0.1 0.3 23.0 08 1.3 1420 75 44
1998 50 1.7 0.1 108.0 0.7 1.8 300 0.1 4.0 00 00 0.0 1430 25 59
Total - 921 0.1 - 57 318 - 79 175 - 172 618 - 1229 1112
Bank erosion is approximately balanced by point-bar and flood-plain deposition
PR116
1989 165 038 0.1 00 00 0.0 66.5 46 25 00 0.0 0.0 830 54 26
1990 17.5 0.1 14 00 00 0.0 65.5 62 6.6 00 00 0.0 83.0 6.3 8.0
1991 175 08 03 00 00 0.0 65.5 46 34 00 00 0.0 830 54 37
1992 170 02 0.3 00 00 0.0 660 4.6 4.4 00 00 0.0 830 438 4.7
1993 170 07 0.5 00 00 0.0 660 52 32 00 00 0.0 830 59 3.7
1994 165 05 0.8 00 00 0.0 66.5 2.9 5.6 00 00 0.0 830 34 6.4
1995 165 0.7 0.2 00 00 0.0 665 155 53 0.0 00 0.0 83.0 16.2 5.5
1996 165 1.1 0.4 00 0.0 0.0 66.5 19 6.7 00 00 0.0 83.0 3.0 7.1
1997 170 09 0.7 00 0.0 0.0 660 64 4.1 00 00 0.0 830 73 4.8
1998 170 1.8 0.0 00 0.0 0.0 660 2.6 6.4 00 0.0 0.0 83.0 44 6.4
Total - 7.6 47 -- 0.0 0.0 - 545 482 00 00 0.0 - 621 529
Cross section was stable. It is in a bedrock reach.
PR120
1989 60 03 0.0 320 01 04 570 12 1.0 00 00 0.0 95.0 1.6 14
1990 60 0.1 04 340 0.1 2.7 55.0 06 27 00 00 0.0 95.0 08 5.8
1991 6.0 02 0.1 340 06 02 550 29 0.1 00 00 0.0 95.0 3.7 0.4
1992 6.0 0.1 04 340 02 0.7 550 05 04 00 00 0.0 95.0 08 1.5
1993 115 00 09 340 00 2.6 495 04 2.1 00 00 0.0 95.0 04 5.6
1994 100 0.7 0.0 340 0.1 0.7 510 13 24 00 00 0.0 950 21 3.1
1995 65 03 03 335 04 34 550 45 0.2 0.0 00 0.0 95.0 52 3.9
1996 60 03 02 335 02 09 555 04 0.6 00 00 0.0 950 09 1.7
1997 65 01 0.0 340 04 0.1 545 05 0.4 00 00 0.0 950 1.0 0.5
1998 65 00 02 340 01 0.4 545 02 0.8 00 00 0.0 950 03 14
Total - 2.1 25 -- 22 121 - 125 107 00 00 0.0 - 168 253
Channel and bank erosion and deposition are balanced. The net increase at the section is a result of new flood-plain deposition
PR122
1988- 85 04 0.2 00 00 0.0 820 00 27 280 04 0.2 1185 0.8 31
1993
1994- 85 12 0.3 00 00 0.0 820 01 44 280 04 0.4 1185 17 5.1
1995
Total - 1.6 0.5 00 00 0.0 - 0.1 7.1 - 08 0.6 - 25 82

This cutoff channel filled during ice jams.
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Table 6. (Continued) Erosion and deposition of sediment at channel cross sections on the

Powder River
Bank Flood plain Channel Point bar Total
V::::r Width Eros. Depo. width Eros. Depo. width Eros. Depo. width Eros. Depo. wjqth Eros. Depo.
m @) ) m @) m) (m) (M) (M) (m) m) (M) (m) @) (m)
PR122A
1989 85 08 0.2 215 1.0 0.7 360 0.2 0.4 40 00 0.5 700 20 1.8
1990 115 08 0.1 205 0.0 3.4 300 19 0.2 8.0 01 0.8 700 238 45
1991 115 14 03 125 00 0.8 285 0.1 0.6 175 33 0.0 700 438 1.7
1992 75 02 0.2 120 00 0.2 325 06 05 180 02 0.2 700 1.0 1.1
1993 140 108 0.0 130 00 22 230 16 0.1 240 05 2.8 740 129 5.1
1994 105 16 0.1 370 0.0 2.3 275 01 1.2 00 00 0.0 750 17 35
1995 185 21.2 0.2 110 00 32 165 06 0.0 370 03 140 830 221 173
1996 145 54 0.0 100 00 0.1 275 03 14 350 05 1.1 87.0 62 2.6
1997 120 33 0.1 150 01 0.1 300 04 04 300 04 0.5 870 42 1.1
1998 75 05 0.1 450 02 0.7 345 02 04 00 00 0.0 870 09 12
Total - 460 1.1 - 1.3 137 - 6.0 5.2 -- 53 199 586 399
Erosion on the left bank was partly balanced by deposition on the point bar and on the new flood plain.
PR125
1989 40 04 0.0 400 04 04 420 31 0.2 00 00 0.0 8.0 3.9 0.6
1990 40 05 0.0 400 00 2.4 420 39 0.8 00 0.0 0.0 8.0 44 32
1991 40 1.1 0.0 400 02 1.5 420 08 6.3 00 00 0.0 86.0 2.1 7.8
1992 40 0.1 0.0 400 02 0.5 420 44 03 00 00 0.0 86.0 47 0.8
1993 50 25 0.0 400 0.0 5.0 420 10 21 00 00 0.0 87.0 35 7.1
1994 50 02 02 400 02 1.0 420 45 1.2 0.0 0.0 0.0 870 49 24
1995 50 21 0.0 380 02 6.2 460 1.1 6.7 00 00 0.0 89.0 34 129
1996 100 45 0.0 380 03 0.9 410 37 0.1 00 0.0 0.0 89.0 85 1.0
1997 45 08 0.0 380 0S5 04 470 24 0.5 00 00 0.0 895 37 0.9
1998 40 05 0.0 380 04 04 470 1.2 2.6 00 0.0 0.0 89.0 21 3.0
Total - 127 0.2 -- 24 187 - 261 208 - 0.0 0.0 - 412 397
Bank erosion was balanced by flood-plain deposition. Erosion approximately balances deposition.
PR130
1989 6.0 0.1 0.1 450 0.1 1.1 465 19 1.1 00 0.0 0.0 975 21 2.3
1990 60 0.0 08 370 00 13 505 1.0 1.8 40 00 13 975 10 52
1991 60 07 0.0 390 03 14 515 1.8 05 10 02 0.0 975 3.0 19
1992 60 0.0 0.6 390 0.1 0.7 495 06 12 3.0 00 0.6 975 07 3.1
1993 55 02 03 420 0.t 34 500 1.7 1.5 00 00 0.0 975 20 5.2
1994 50 06 0.1 420 02 0.9 505 1.8 1.0 0.0 00 0.0 97.5 26 2.0
1995 55 04 05 420 0.1 8.2 500 12 15 00 00 0.0 975 1.7 102
1996 50 04 0.1 420 04 0.6 505 14 03 00 00 00 975 22 1.0
1997 50 04 0.1 420 04 0.2 505 34 04 00 00 0.0 975 42 0.7
1998 50 04 0.1 420 01 04 505 038 2.0 00 00 0.0 97.5 13 2.5
Total - 3.2 27 -- 18 182 - 156 113 -- 02 1.9 - 208 311

Bank erosion was balanced by deposition on flood plain at bottom of bank. Channel was approximately in equilibrium.
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Table 6. (Continued) Erosion and deposition of sediment at channel cross sections on the
Powder River

Bank Flood plain Channel Point bar Total

Water

Year Width Eros. Depo. idth Eros. Depo. wijdth Eros. Depo. width Eros. Depo. width Eros. Depo.

m ) W) @m M M m M W) m M M) m) ) m?)

PR136
1989 175 07 0.3 405 03 04 520 36 0.7 00 0.0 0.0 1100 4.6 1.4
1990 17.0 0.1 0.0 415 02 2.1 515 24 33 00 00 0.0 110.0 2.7 5.4
1991 175 0.5 0.3 410 06 0.7 51.5 3.9 25 0.0 00 0.0 1100 5.0 3.5
1992 155 04 03 395 0.1 0.9 520 03 6.4 30 02 0.0 1100 1.0 7.6
1993 16.0 1.2 0.1 400 0.1 5.2 450 46 0.7 90 00 24 1100 59 84
1994 155 16 02 450 02 2.0 495 20 39 00 00 0.0 1100 38 6.1
1995 180 82 0.0 450 02 119 480 63 1.6 00 00 0.0 1110 147 135
1996 150 64 0.0 370 02 0.2 50.0 1.9 5.1 80 04 1.9 110.0 89 7.2
1997 115 53 0.1 410 03 0.7 440 05 5.7 35 06 0.0 110.0 6.7 6.5
1998 10.0 13 03 390 02 0.4 510 54 6.8 40 18 0.0 1100 87 7.5
Total -~ 257 1.6 - 24 245 - 309 367 -- 3.0 43 - 620 671
Bank erosion was balanced by deposition on flood plain in the middle of the channel. Erosion approximately balanced deposition
PR141
1984- 189 04 0.4 321 02 0.2 490 02 1.1 00 0.0 0.0 100.0 0.8 1.7
1998
This section was cut off by the 1978 flood and these changes have occurred over 14 years.
PR141A
1989 11.0 04 02 820 04 4.6 370 338 3.0 00 00 0.0 1300 46 78
1990 110 02 0.2 820 05 7.0 265 35 0.2 105 00 4.0 1300 42 114
1991 110 4.7 0.0 910 72 44 280 0.1 34 0.0 00 0.0 1300 12,0 7.8
1992 50 0.2 0.1 615 02 1.2 335 23 0.7 300 1.1 05 1300 3.8 25
1993 43 4.2 0.0 60.0 0.0 4.8 337 13 4.7 320 21 2.1 130.0 76 116
1994 45 20 0.0 785 00 7.1 56.5 4.5 6.7 105 00 29 1500 65 167
1995 235 396 0.1 71.0 02 105 9.5 00 35 460 00 269 1500 39.8 41.0
1996 13.5 224 0.0 875 15 75 19.0 0.2 2.4 150 1.7 24 1350 258 123
1997 105 146 0.0 775 02 5.5 225 1.0 1.0 295 45 1.1 140.0 20.3 7.6
1998 80 66 0.0 101.0 17 26 290 04 30 50 13 0.0 143.0 10.0 5.6
Total - 949 0.6 - 119 552 - 171 286 -~ 107 399 - 1346 1243
Left bank retreated and the point bar on the right bank advanced.
PR141.7

1995 175 21.7 0.4 480 0.1 79 640 04 146 00 0.0 0.0 129.5 222 229
1996 104 79 02 480 02 0.6 720 29 3.6 00 00 0.0 1304 110 44
1997 3.0 0.0 0.1 470 05 0.4 partial survey 00 00 0.0 500 05 0.5
1998 30 02 0.0 470 05 0.3 partial survey 00 00 0.0 500 0.7 03

This section was established in 1994 after an ice jam deposited sediment on the left bank. The surveys are focused on the left bank
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Table 6. (Continued) Erosion and deposition of sediment at channel cross sections on the
Powder River

Bank Flood plain Channel Point bar Total

Water
Year Width Eros. Depo. width Eros. Depo. width Eros. Depo. jdth Eros. Depo. width Eros. Depo.

m @) (M m ) @) (m) m) (m) (m) (m%) (M) (m) (m) (m?

PR147
1989 110 03 02 150 0.1 0.8 590 11 1.0 00 00 0.0 850 15 2.0
1990 110 03 02 175 02 23 565 14 1.5 00 00 0.0 850 19 4.0
1991 115 14 0.2 190 00 7.0 545 45 0.2 00 00 0.0 850 59 74
1992 1.0 02 0.4 180 03 0.2 560 06 14 00 0.0 0.0 850 1.1 2.0
1993 40 0.1 0.0 145 00 36 610 3.0 12 00 00 0.0 795 3.1 4.8
1994 145 01 0.2 140 0.1 0.2 615 1.2 1.7 00 00 0.0 900 14 2.1
1995 150 77 0.1 11.0 00 2.0 640 55 4.1 00 00 0.0 90.0 132 6.2
1996 100 1.0 0.1 110 0.1 0.1 69.0 43 43 0.0 00 0.0 900 54 45
1997 105 02 04 90 00 0.1 705 2.1 2.4 00 0.0 0.0 90.0 23 29
1998 95 08 02 100 0.1 0.5 705 1.2 25 00 0.0 0.0 90.0 2.1 32
Total - 121 2.0 - 09 168 - 249 203 - 0.0 0.0 - 379 391
Some bank erosion occurred on the right bank and a floodplain evolved on the left bank.
PR151
1989 245 04 02 240 02 0.2 410 07 0.9 00 00 0.0 895 13 13
1990 275 03 09 240 00 1.6 380 1.8 0.1 00 00 0.0 895 21 2.6
1991 285 05 04 240 02 04 370 03 0.7 00 00 0.0 8925 1.0 1.5
1992 290 05 0.7 220 00 0.6 385 1.0 0.1 00 00 0.0 895 1.5 14
1993 270 06 0.3 225 01 2.1 410 0.6 04 00 00 0.0 895 1.3 2.8
1994 275 05 05 220 03 0.2 400 1.2 0.4 00 00 0.0 895 2.0 1.1
1995 275 12 0.2 210 02 3.7 410 13 12 00 00 0.0 89.5 27 5.1
1996 240 01 0.6 225 08 0.6 410 14 0.8 00 0.0 0.0 875 23 2.0
1997 245 03 0.5 215 04 0.1 415 09 04 00 00 0.0 875 16 1.0
1998 245 04 0.2 210 04 0.2 420 08 0.2 00 0.0 0.0 875 16 0.6
Total - 4.8 4.5 -- 2.6 9.7 -- 10.0 52 - 0.0 0.0 - 174 194

Vertical floodplain accretion on the left bank:
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Table 6. (Continued) Erosion and deposition of sediment at channel cross sections on the
Powder River

Bank Flood plain Channel Point bar Total
Vg:t;r Width Eros. Depo. width Eros. Depo. width Eros. Depo. width Eros. Depo. width Eros. Depo.
m m M) m M) M) @m W) M) @m W) M) @ ™) m)
PRI156A
1989 50 02 0.1 600 05 10 450 0.7 1.9 00 00 0.0 1100 14 3.0
1990 50 0.1 0.1 60.0 02 1.9 45.0 10.6 0.5 00 00 0.0 110.0 109 25
1991 50 0.0 0.2 600 04 0.6 450 03 9.0 00 00 0.0 1100 0.7 9.8
1992 50 01 0.2 60.0 06 04 45.0 44 13 00 0.0 0.0 1100 5.1 1.9
1993 50 01 0.1 600 03 4.7 450 1.8 20 00 0.0 0.0 1100 22 6.8
1994 50 0.1 0.1 600 05 0.8 450 29 4.0 00 0.0 0.0 1100 35 49
1995 50 05 0.0 600 0.2 6.1 450 4.1 2.8 0.0 00 0.0 1100 438 8.9
1996 50 09 0.0 600 1.0 0.3 450 38 1.1 00 00 0.0 1100 57 14
1997 50 10 0.2 600 03 0.8 450 0.1 2.9 00 0.0 0.0 1100 14 39
1998 50 038 0.0 600 05 0.7 450 37 0.1 00 00 0.0 1100 5.0 0.8
Total - 38 1.0 - 45 173 - 324 256 - 0.0 0.0 - 40.7 439
Vertical accretion on the flood plain adjacent to the right bank. Channel is approximately in equilibrium every two years.
PR156
1989 300 0.7 0.2 145 01 04 755 16 25 00 0.0 0.0 1200 24 31
1990 300 02 04 145 0.1 0.4 755 88 04 0.0 00 0.0 1200 9.1 12
1991 300 03 0.5 185 0.1 22 71.5 0.1 6.3 00 00 0.0 1200 05 9.0
1992 290 04 0.8 185 1.3 0.3 725 23 0.2 00 0.0 0.0 1200 4.0 1.3
1993 290 06 0.5 185 02 1.1 725 08 1.6 00 0.0 0.0 1200 1.6 32
1994 290 03 0.5 150 03 0.3 760 29 32 00 00 0.0 1200 35 4.0
1995 290 06 0.5 150 03 2.7 760 34 33 00 0.0 0.0 1200 43 6.5
1996 295 1.0 0.8 145 03 0.2 760 32 1.1 00 00 0.0 1200 45 2.1
1997 305 06 03 145 04 03 750 16 3.1 00 00 0.0 1200 26 37
1998 305 08 04 145 04 03 750 54 04 00 00 0.0 1200 66 1.1
Total - 55 49 - 35 82 - 301 221 - -- - - 39.1 352

Vertical accretion of the flood plain along the right bank. In 1994 and 1995 a stump was on section in the channel. After 10 years net erosion is
approximately equal to net deposition.

PR163
1989 120 08 0.0 520 0.2 14 360 25 0.5 00 00 0.0 1000 35 19
1990 . 120 05 0.1 580 02 6.3 300 16 1.2 00 00 0.0 1000 23 7.6
1991 135 73 0.0 40 04 0.5 310 00 6.2 115 38 0.0 1000 115 6.7
1992 90 06 0.0 475 02 0.7 435 59 1.5 0.0 00 0.0 100.0 67 22
1993 90 69 0.1 455 0.0 2.0 245 1.8 1.6 210 0.1 5.5 1000 838 9.2
1994 65 12 02 455 0.1 0.8 2710 24 2.4 21.0 00 2.8 1000 37 6.2
1995 920 121 0.1 450 00 75 275 04 2.8 210 02 42 1025 127 146
1996 120 179 0.0 450 0.1 17 330 1.1 3.6 200 22 0.1 1100 213 54
1997 70 47 0.0 455 0.1 1.1 380 25 2.7 195 15 0.2 1100 8.8 4.0
1998 45 33 0.0 445 05 03 405 27 25 205 00 1.6 1100 65 44
Total - 553 0.5 -- 1.8 223 - 209 250 -- 78 144 - 858 622
Left bank retreated about 15 m. On right bank, the point bar accreted laterally and the flood plain farther to the right accreted vertically.
PR164.8
1986- 90 27 0.1 450 0.2 6.6 400 16 1.3 00 00 0.0 940 45 8.0
1992
1992- 8.0 116 0.0 435 1.1 169 425 76 3.6 00 00 0.0 940 203 205
1998
Total - 143 0.1 -- 1.3 235 - 9.2 49 00 00 0.0 - 248 285

Left bank erosion balanced by vertical accretion of flood plain on the right bank.
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Table 6. (Continued) Erosion and deposition of sediment at channel cross sections on the
Powder River

Bank Flood plain Channel Point bar Total

Water
Year Width Eros. Depo. width Eros. Depo. widith Eros. Depo. wijdth Eros. Depo. width Eros. Depo.

m @) M @ @) M) @m ) W) m ) M) m m) (md)

PR165.6
1980- 55 03 0.1 140 01 33 655 39 146 00 0.0 0.0 850 43 180
1985
1985- 70 0.1 0.6 140 07 0.9 640 738 8.9 00 00 0.0 850 86 104
1992
1992- 70 05 0.5 140 15 15 640 538 3.8 00 00 0.0 850 78 58
1998
Total -- 0.9 1.2 - 2.3 5.7 - 175 2713 - 0.0 0.0 - 207 342

The channel aggraded.

PR166.0
1980- 55 79 0.0 925 12 7.6 470 38 48 00 00 0.0 1450 129 124
1985
1985- 6.0 119 0.0 865 04 74 525 26 22 00 00 0.0 1450 149 9.6
1992
1992- 11.5 175 0.1 780 0.8 200 555 21 6.0 00 00 0.0 1450 204 26.1
1998
Total - 3713 0.1 - 24 350 -- 85 130 - 0.0 0.0 - 482 481

Sediment lost by 15 m of erosion of the left bank was balanced by deposition of the right bank flood plain and aggradation of the channel.

PR166.6
1980- 30 19 0.0 6.0 0.1 0.0 550 06 38 29.0 0.1 5.1 93.0 27 89
1985
1985- 15 09 0.0 dirt pile from ramp 3535 43 85 315 20 4.0 8.5 72 125
1992 excavation
1992- 15 08 0.0 dirt pile from ramp 540 95 6.9 31.0 08 6.0 865 11.1 129
1998 ) excavating
Total - 3.6 0.0 - 0.1 0.0 - 144 19.2 - 29 151 - 210 343

Right bank eroded and the point bar aggraded
PR167
1989 40 0.1 0.0 565 0.6 0.5 545 3.7 82 00 00 0.0 1150 44 8.7
1990 40 02 0.0 555 04 0.5 135 36 0.0 420 00 208 1150 42 213
1991 40 04 0.1 125 0.1 0.1 335 52 16 650 9.9 1.0 1150 156 28
1992 45 04 0.1 585 05 0.5 510 52 32 1.0 Ot 0.0 1150 62 3.8
1993 45 0.1 0.1 610 05 3.6 495 32 74 00 00 0.0 1150 38 111
1994 3.0 31 0.0 545 07 0.7 575 28 8.6 0.0 00 0.0 1150 6.6 93
1995 85 105 0.0 620 02 146 445 66 43 00 00 0.0 1150 173 189
1996 65 32 0.0 650 03 4.0 435 47 25 00 0.0 0.0 1150 82 6.5
1997 45 04 0.1 660 1.7 0.5 445 32 1.9 00 00 0.0 1150 53 25
1998 55 02 0.4 645 09 0.8 450 6.5 32 00 00 0.0 115.0 76 44
Total - 186 0.8 - 59 258 - 447 409 - 100 218 - 792 893
Point bar appeared but became one of those point-bar flood plains with vertical rather than sloping bank

PR167.5
1980- 120 038 0.8 00 00 0.0 2180 9.0 116 00 00 0.0 2300 98 124
1985
1985- 13.0 07 13 00 00 0.0 480 1.9 34 00 0.0 0.0 61.0 -- --
1992

Island section had mostly deposition in a secondary channel. Did not survey from station 149 to 259 in 1992. Did not survey in 1998.
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Table 6. (Continued) Erosion and deposition of sediment at channel cross sections on the

Powder River
Bank Flood plain Channel Point bar Total
Water
Year Width Eros. Depo. yidth Eros. Depo. \idth Eros. Depo. \yigth Eros. Depo. wijdth Eros. Depo.
m @) @) m @) (M m m) m) m ) m) m (m) m?)
PR168.5
1980- 50 41 0.0 00 00 0.0 280 06 44 610 09 53 940 56 9.7
1985
1985- 85 99 0.0 00 00 0.0 235 17 29 665 01 175 98.5 11.7 204
1992
1992- 17.0 338 0.0 00 0.0 0.0 150 00 59 770 01 375 109.0 339 434
1998
Total - 47.8 0.0 00 00 0.0 -- 23 132 - 1.1 603 - 512 735
Left bank retreated about 15 m and right bank point bar advanced and aggraded.
PR169.2
1980- 45 29 0.0 00 00 0.0 590 17 6.7 325 03 16 96.0 4.9 83
1985
1985- 45 4.0 0.0 405 0.1 52 520 26 2.1 00 0.0 0.0 970 6.7 7.3
1992
1992- 75 57 0.0 420 06 58 49.0 42 1.9 00 00 0.0 98.5 105 7.7
1998
Total - 12.6 0.0 - 0.7 11.0 - 85 107 - 03 1.6 - 221 233
The right bank eroded about 4 m and sediment was deposited on the point bar in the form of a scroll bar or bench
PR169.8
1980- 60 15 0.0 510 00 44 51.0 46 0.0 330 04 0.6 900 6.5 5.0
1985
1985- 7.0 51 0.0 (485) 0.0 2.8 485 3.1 0.0 355 00 22 910 82 5.0
1992
1992- 9.0 13.0 0.0 (515) 0.0 1.9 515 96 0.0 355 12 1.1 96.0 23.8 3.0
1998
Total - 19.6 0.0 - 0.0 9.1 - 173 0.0 - 1.6 39 - 385 13.0

1980-
1985

1985-
1992

1992-
1998

Total

1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
Total

Left bank eroded while a possible channel-expansion floodplain was deposited on the right bank side of the channel
Widths in the () represent the same location as widths in the channel but sediment was deposited on a low floodplain rather than in the channel.

55

5.0

5.0

215
21.5
220
21.0
28.0
20.0
20.0
200
20.0
22.0

3.2

22

4.1

9.5

03
0.1
0.2
0.1
02
0.2
0.0
02
0.3
23
3.9

0.0

0.0

0.0

0.0

0.3
0.5
0.7
0.5
4.0
0.3
24
0.7
0.2
0.1
9.7

9.5

95

9.5

0.0

0.0

0.0

0.0

2.0

1.9

1.6

55

8.8

0.9

04

10.1

0.0

0.0

0.0

0.0

0.0

0.0

0.0

Right bank eroded while a small bench was deposited on the left bank

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

PR170.5
68.0 49
695 9.1
71.0 132
- 272
PR175
550 97
570 19
550 13
700 3.1
545 5.1
625 88
730 65
73.0 23
73.0 142
605 2.0
- 549

0.8
6.3
72
5.6
23
3.8
19.6
9.0
18.1
35
76.2

435
415
43.0
29.0
375
375
27.0
270
27.0
375

05
0.1
11.5
0.5
0.0
0.0
0.0
0.7
0.3
04
14.0

0.0

00

0.0

0.0

25
6.5
2.1
1.0
84
3.8
79
13
14
1.6
36.5

83.0
84.0

855

120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0
120.0

8.1

11.3

173

36.7

10.5
2.1
13.0
3.7
53
9.0
6.5
32
14.8
47
72.8

Left bank retreated a little and the point bar grew episodically by vertical accretion in different locations at different times.

28

10.8

28

20

15.6

3.6
133
10.0

7.1
14.7

7.9
29.9
11.0
19.7

52

122.4



Table 6. (Continued) Erosion and deposition of sediment at channel cross sections on the
Powder River

Bank Flood plain Channel Point bar Total

Water
Year Width Eros. Depo. width Eros. Depo. width Eros. Depo. width Eros. Depo. width Eros. Depo.

m M) ™) m W M m W @ m ™) ) m ) (M)

PR180
1989 80 22 0.0 00 00 0.0 220 14 1.1 580 07 3.6 88.0 43 4.7
1990 13.0 6.8 0.0 00 00 0.0 17.5 06 14 575 06 44 88.0 8.0 5.8
1991 150 29.0 38 00 0.0 0.0 33.0 00 7.8 500 05 4.1 98.0 295 157
1992 90 23 0.1 00 00 0.0 390 05 4.8 500 0.1 25 98.0 29 74
1993 140 155 0.0 00 00 0.0 240 03 3.1 650 07 7.6 103.0 165 107
1994 65 08 0.1 00 00 0.0 315 27 0.8 650 1.3 2.1 103.0 48 3.0
1995 11.0 14.1 0.0 00 0.0 0.0 290 09 517 680 00 169 - 1080 150 226
1996 100 89 0.0 00 00 0.0 330 39 3.7 700 1.8 19 1130 146 56
1997 70 79 0.0 0.0 0.0 0.0 360 36 32 700 1.0 1.7 113.0 125 49
1998 65 23 0.0 00 00 0.0 335 20 1.2 730 0.1 32 1130 44 44
Total - 898 4.0 - 0.0 0.0 -- 159 3238 - 68 480 - 1125 848

Left bank retreated about 30 m and point bar advanced

PR183
1989 11.0 04 0.1 300 04 0.6 390 05 4.0 00 0.0 0.0 800 13 47
1990 11.0 0.1 04 300 01 2.0 390 40 0.2 00 00 0.0 80.0 42 26
1991 115 04 0.1 300 05 0.9 385 07 1.8 00 0.0 0.0 8.0 1.6 28
1992 110 0.1 0.2 300 0.1 0.5 39.0 17 19 00 00 0.0 800 19 2.6
1993 11.0 07 0.1 300 02 25 39.0 44 1.8 00 00 0.0 800 53 44
1994 95 07 0.1 300 0.2 04 405 02 3.1 00 00 0.0 80.0 1.1 3.6
1995 95 13 0.4 300 04 4.6 405 43 27 00 00 0.0 80.0 6.0 17
1996 80 04 0.0 300 04 0.2 420 25 4.2 00 00 0.0 80.0 33 44
1997 95 03 0.1 300 04 0.2 405 42 2.8 00 00 0.0 80.0 49 3.1
1998 8.0 02 0.1 300 0.3 0.8 420 50 1.3 0.0 0.0 0.0 80.0 55 22
Total - 46 16 -- 30 127 - 275 238 - 0.0 0.0 - 351 381

Vertical accretion on the left bank flood plain.

PR191
1989 13.0 02 03 790 05 0.3 330 01 24 00 00 0.0 1250 038 3.0
1990 105 06 0.2 790 00 1.2 355 19 0.0 00 00 0.0 1250 85 14
1991 115 07 0.4 89.0 046 0.3 345 01 72 00 00 0.0 1350 14 79
1992 120 02 0.2 885 06 0.6 345 06 05 00 00 0.0 1350 14 13
1993 120 20 0.4 885 0.1 8.9 345 15 24 00 0.0 0.0 1350 36 117
1994 9.0 02 0.3 89.0 1.7 0.7 370 56 0.2 00 0.0 0.0 1350 175 1.2
1995 75 25 0.2 90.5 0.1 155 370 01 8.9 00 0.0 0.0 1350 27 246
1996 120 22 0.1 835 0.6 14 395 17 1.3 0.0 0.0 0.0 1350 45 2.8
1997 100 1.0 03 855 02 1.0 395 50 26 00 00 0.0 1350 6.2 39
1998 100 09 0.1 850 09 0.6 400 44 0.1 00 00 0.0 1350 62 0.8
Total -- 10.5 25 - 53 305 - 270 256 -- 0.0 0.0 428 586

Vertical accretion on both the left and right bank flood plains.
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Table 6. (Continued) Erosion and deposition of sediment at channel cross sections on the

Powder River
Bank Flood plain Channel Point bar Total

“y,::-r Width Eros. Depo. width Eros. Depo. width Eros. Depo. width Eros. Depo. wijdth Eros. Depo.

m ) ) (m) m) m) (m) (m?) (m?) m) (M) (m? (m) (m) (md)

PR1%4
1989 140 0.1 1.1 385 0.1 0.2 525 37 37 00 00 0.0 105.0 39 5.0
1990 140 0.7 15 385 0.1 04 525 9.0 1.6 00 00 0.0 105.0 98 35
1991 145 14 2.7 380 05 0.1 525 03 1.9 00 00 0.0 1050 22 47
1992 155 00 19 375 02 0.6 520 23 29 00 00 0.0 1050 25 54
1993 135 09 0.7 395 0.1 12 520 33 12 00 0.0 0.0 1050 43 3.1
1994 145 07 1.0 390 02 0.6 515 18 1.4 00 00 0.0 1050 27 3.0
1995 165 44 0.3 370 03 1.8 515 36 42 00 00 0.0 1050 83 6.3
1996 165 2.1 0.2 360 02 0.3 525 32 36 00 00 0.0 1050 55 4.1
1997 160 1.5 0.5 355 00 04 535 56 0.8 00 00 0.0 1050 7.1 1.7
1998 165 09 0.3 355 03 0.0 53.0 28 1.5 00 0.0 0.0 1050 40 1.8
Total - 127 102 - 2.0 5.6 -- 356 228 - 0.0 0.0 -- 503 386
Flood plain accretion on the left bank.
PR200A

1989 190 09 1.0 170.5 1.3 42 380 14 0.7 00 0.0 0.0 2275 36 59
1990 165 176 0.5 1845 12 127 270 64 0.8 00 00 0.0 2280 152 140
1991 260 243 0.3 1920 24 268 11.0 84 0.0 0.0 00 0.0 229.0 351 271
1992 335 529 0.2 1955 12 357 00 00 0.0 00 00 0.0 229.0 541 359
1993 39.0 645 0.0 195.0 35 61.6 0.0 00 0.0 00 00 0.0 2340 680 61.6
1994 240 283 0.0 2160 18 238 00 0.0 0.0 00 00 0.0 2400 301 238
1995 435 666 0.0 1590 05 403 50.0 10.2 1.9 00 00 00 2525 773 422
1996 70 53 00 1700 24 116 770 11.2 6.7 00 00 0.0 2540 189 183
1997 35 05 03 1900 20 175 61.5 38.0 0.0 00 00 0.0 2550 405 17.8
1998 230 30 03 1795 2.7 1.7 525 09 21 00 00 00 2550 66 4.1
Total - 2539 26 - 190 2359 - 765 122 - 00 00 - 3494 2507

Left bank retreated. The channel along the left bank filled. The secondary channel shifted toward the left bank (this appears as bank erosion and
no apparent channel activity, see 1992-1994 above) and evolved into the main channel with some human assistance.

PR206
1989 10.0 05 0.0 235 00 0.6 775 06 3.1 00 00 0.0 110 11 3.7
1990 155 212 0.0 235 0.1 04 775 29 8.1 00 00 0.0 1165 242 85
1991 135 214 0.4 455 01 221 65.0 242 51 00 0.0 0.0 1240 457 216
1992 75 05 0.0 635 06 32 540 5.1 44 00 00 0.0 1250 62 76
1993 65 13 0.6 535 00 138 65.0 10.1 0.5 00 00 0.0 1250 114 149
1994 65 00 03 545 0.1 23 650 06 6.4 00 0.0 0.0 1260 07 9.0
1995 65 04 0.0 935 00 749 27.0 269 0.1 00 00 0.0 1270 273 750
1996 13.5 101 0.1 985 4.1 49 150 02 3.6 00 00 0.0 1270 144 8.6
1997 155 164 0.2 920 35 9.0 195 0.0 52 00 00 0.0 1270 199 144
1998 95 33 0.3 935 1.8 44 240 47 0.0 00 00 0.0 127.0 9.8 4.7
Total - 751 19 - 103 1356 - 753 365 - 0.0 0.0 - 160.7 1740
Left bank retreated about 15 m. A flood plain developed adjacent to the left bank and was larger than the flood plain that developed on the right
bank.
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channel also shifted from the left bank to the right bank. The shift at PR206 primarily occurred in
just two years (1991 and 1995) when 71.5 percent of the sediment was deposited. This contrasts
with PR200A where the shift was more gradual and never exceeded 30 percent in any year.

SUMMARY

This report represents the second decade (1988-1998) of measurements of erosion and
deposition at cross sections on Powder River following the major flood in 1978. Snowmelt floods
carried the greatest maximum sediment concentration (52,200 mg/L), followed by flash floods
(49,700 mg/L) and ice break-up floods (26,000 mg/L). The proportion of sand in the suspended
sediment or eroded sediment also depended upon the type of flood (ice break-up, 28-percent;
snowmelt, 23-percent; and flash, 7-percent). Sediment deposited on the flood-plain trough aver-
aged 13 percent sand, while sediment deposited on the flood-plain crest averaged 72 percent sand.
The finer-grained sediment sampled from the bed of the channel averaged 99 percent sand.

The minimum riverbed elevation decreased with time at 8 cross sections and increased
with time at 15 cross sections. However, there was no consistent trend. The minimum riverbed
elevation fluctuated from year to year as indicated by the standard deviation of the elevation,
which ranged from 0.01 to 0.30 m.

Likewise, the areas of erosion of sediment and areas of deposition of sediment fluctuated
from year to year. At some specific cross sections, erosion of sediment exceed deposition of sedi-
ment by 47 percent and at the other sections, deposition exceeded erosion by 41 percent. How-
ever, in general in this study reach of Powder River, the sedimentary processes were in
equilibrium such that erosion balanced deposition during the second decade after the 1978 flood.
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Description of Cross Section PR113

Location: Township 9 South/Range 48 East--section 18

U. S. Geological Survey quadrangle (1:24,000): Bradshaw Creek

Landowners--left bank: Lloyd Sams (Moorhead Cattle Company)
--right bank: U. S. Government

Access: Right bank

Permission from: None necessary

Distance from Moorhead Gaging Station: -2.23 kilometers

Azimuth of Section (degrees magnetic): 171.5

Reference Monuments

[Monuments at stations 100.0, 100.4, and 114.7 were closest to the leveling instrument]

GPS-NAD83(1992) Measurement
Elevation
Standard Horizontal
Station deviation precision (NGVD1929)
Description (m) Latitude Longitude (m) (m) (m)
1/2-inch-rebar; 0.14 meter above 1998 -839  45°03'28.78”  105°53°02.22”  0.225 0.496 1024.02
ground level; under 3-strand barbed-
wire fence with all wooden posts
1/2-inch-rebar; 0.16 m above 1998 ground  _0.0 1023.05
level
1/2-inch-rebar; 0.17 meter above 1998 70.0 1022.08
ground level
1/2-inch-rebar; 0.04 meter below 1998 100.0 1023.02
ground level
1/2-inch-rebar; 0.06 meter above 1998 100.4 1023.18
ground level
1/2-inch-rebar; 0.12 meter above 1998 114.7 1023.57
ground level; under 3-strand, barbed-
wire fence with all metal posts
Benchmark--brass circular plate 142.0 45°03°21.49” 105°53°03.31” 0.412 0.432 1023.34
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Figure 9. Upper: Location of cross section PR113, bench mark BM-PR113, and left and right

bank reference monuments in the Bradshaw Creek quadrangle. Lower: Location of the
bench mark on the right bank. MN is magnetic north.
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Figure 10. Profiles of cross section PR113 from 1988 to 1992.
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Figure 11. Profiles of cross section PR113 from 1992 to 1996.
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Table 7. Listing of horizontal stations and elevations for cross section PR113
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1989 1989 1989 1990 1990
16 September 16 September 16 September 13 September 13 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-70.0 1022.70 193 1020.24 97.0 1023.15 -32.0 1022.63 44.0 1021.44
-65.0 1022.89 21.0 1020.45 99.0 1023.07 -31.0 1022.41 46.0 1021.48
-61.4 1023.04 23.0 1020.62 100.0 1023.05 -29.0 1022.39 48.0 1021.41
-57.5 1022.48 25.0 1020.76 1004 1023.08 -27.0 1022.18 50.0 1021.41
-55.9 1022.37 28.0 1020.82 102.8 1023.07 253 1021.95 52.0 1021.45
-54.9 1022.45 29.0 1020.89 105.0 1023.31 -23.0 1022.02 54.0 1021.49
-53.0 1022.75 31.0 1020.87 107.0 1023.21 -21.0 1022.04 56.0 1021.49
-50.2 1022.88 33.0 1020.94 110.0 1023.42 -20.6 1020.58 58.0 1021.45
-46.7 1022.65 35.0 1021.01 114.7 1023.40 -19.5 1020.22 60.0 1021.45
-44.5 1022.39 37.0 1021.05 -16.9 1019.62 62.0 1021.49
-42.5 1022.61 39.0 1021.14 -15.0 1019.51 64.0 1021.44
-40.0 1022.45 41.0 1021.30 -14.0 1019.59 66.0 1021.41
-37.0 1022.40 43.0 1021.38 -12.0 1019.74 68.0 1021.45
-35.0 1022.71 45.0 1021.45 -10.0 1019.73 70.0 1021.49
-34.0 1022.72 48.0 1021.40 -8.0 1019.71 72.0 1021.50
-32.0 1022.64 51.0 1021.44 -5.0 1019.76 74.0 1021.48
-30.5 1022.35 53.0 1021.41 -2.0 1019.75 76.0 1021.28
-29.4 1022.41 56.0 1021.48 0.0 1019.78 77.8 1021.05
-28.0 1022.26 59.0 1021.40 2.0 1019.81 78.7 1020.93
-26.0 1022.05 62.0 1021.45 5.0 1019.90 79.0 1020.85
-25.0 1021.98 65.0 1021.40 8.0 1019.95 81.5 1020.71
-23.0 1022.03 67.0 1021.44 10.0 1020.01 83.0 1020.87
-21.0 1022.03 70.0 1021.48 12.0 1019.94 84.0 1021.06
-19.0 1022.05 72.0 1021.47 13.0 1019.95 85.2 1021.10
-18.1 1022.02 74.0 1021.45 14.0 1020.20 86.2 1021.44
-18.0 1021.24 76.0 1021.21 16.0 1020.39 88.0 1021.46
-17.0 1020.77 78.0 1020.82 17.0 1020.49 88.6 1021.48
-15.8 1020.26 80.0 1020.56 17.9 1020.63 90.0 1022.03
-i4.2 1019.64 81.8 1020.59 18.0 1020.91 91.0 1022.43
-13.0 1019.72 82.3 1020.76 20.0 1021.05 91.5 1023.10
-11.0 1019.76 84.0 1020.98 220 1021.17 93.0 1023.13
-9.0 1019.76 85.4 1021.05 24.0 1021.30 95.0 1023.14
-6.0 1019.73 86.1 1021.43 26.0 1021.43 97.0 1023.14
-3.0 1019.73 87.0 1021.46 28.0 1021.51 100.0 1023.05
0.0 1019.82 88.0 1021.41 29.0 1021.52 100.4 1023.09
3.0 1019.92 88.6 1021.47 31.0 1021.42 114.7 1023.41
50 1020.13 90.0 1022.05 33.0 1021.31
70 1020.15 91.1 1022.42 35.0 1021.20
9.0 1020.12 91.4 1023.10 36.5 1021.07
12.0 1020.14 91.6 1023.15 38.0 1021.14
15.0 1020.17 93.0 1023.12 40.0 1021.31
18.0 1020.16 95.0 1023.13 420 1021.39
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Table 7. (Continued) Listing of horizontal stations and elevations for cross section PR113

[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1991 1991 1992 1992 1992
28 August 28 August 25 August 25 August 25 August
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-50.0 1022.88 30.3 1021.16 -55.0 102244 18.0  1020.35 97.0 1023.15
-470  1022.69 315 1021.19 -52.0 1022.81 200 1020.42 100.0 1023.06
-45.0  1022.40 344 1021.35 -50.0  1022.88 209 102038 100.5  1023.10
-420  1022.63 359 1021.19 -48.0 1022.73 230 1020.67
-40.0 1022.48 38.0 1021.20 -46.0  1022.55 23.0 1020.79
-38.0 102243 40.0 1021.31 -45.0 1022.40 248  1020.79
-36.0 102247 420 102139 -43.0 1022.53 270 102095
-340  1022.68 450 102147 -42.0  1022.63 29.0 1021.14
-322 102256 48.0 1021.42 -40.0 102247 29.1 1021.20
-32.0  1021.11 51.0 1021.45 -37.0  1022.39 31.0 1021.21
-31.3  1020.73 540 1021.48 -35.0 1022.61 340 1021.35
-31.2 102040 57.0 102148 -33.8  1022.69 36.0 1021.20
-29.7  1020.08 60.0 1021.44 -33.7 1021.48 370 1021.17
-282  1019.83 63.0 1021.47 -33.3  1020.88 390 1021.26
-26.0 1019.71 66.0 1021.43 -320 102042 410 1021.35
-240 1019.62 69.0 1021.50 -31.0 1020.24 435 102141
220 1019.58 71.0 1021.51 -30.5  1020.07 460 1021.45
=200 1019.71 720 1021.49 -29.0 1019.87 490 1021.42
-18.0  1019.72 73.5 1021.49 -27.0 1019.67 520 1021.45
-16.0  1019.71 75.0  1021.39 -26.0 1019.63 550 1021.49
-140  1019.79 76.0  1021.29 -24.0 1019.68 580 1021.45
-120  1019.78 774  1021.36 -22.0 1019.75 61.0 1021.47
-100  1019.82 78.0  1021.16 -20.0 1019.75 640 1021.44
-80 1019.80 80.0 1020.90 -18.0 1019.81 67.0 1021.46
-6.0 1019.81 81.5 1020.83 -16.0  1019.83 70.0 1021.51
-40  1019.83 84.0 1021.26 -140 1019.85 720 1021.49
20 1019.87 85.0 1021.36 -12.0 1019.83 740 1021.46
00 101991 85.7 1021.32 -100  1019.85 760  1021.30
20 1019.92 86.2 1021.46 -80 1019.89 715 102136
40 1019.94 882 1021.47 -60 101991 782  1021.12
60 1019.98 89.6 1021.96 -40 101991 80.0 1020.94
8.0 1020.01 91.1 1022.45 -2.0 1019.90 81.0  1020.90
100  1020.01 91.5 1023.11 00 101991 82.0 102097
12.0  1020.09 93.0 1023.13 20 101994 84.0 1021.28
150 1020.12 95.0 1023.15 40 101994 85.1 1021.32
180 102021 97.0 1023.14 6.0 101995 86.5 1021.49
200 102035 100.0 1023.06 80 1019.96 875 102145
215  1020.57 100.4  1023.10 10.0 1019.98 89.0 1021.72
230 1020.69 -55.0 1022.44 910 1022.48
250 1020.80 -520 102281 914  1023.10
26.0 1020.87 -50.0 1022.88 920 1023.14
285 1021.18 -48.0  1022.73 94.0 x 1023.10
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Table 7. (Continued) Listing of horizontal stations and elevations for cross section PR113
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1993 1993 1993 1994 1994

25 August 25 August 25 August 24 September 24 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-83.9 1023.87 -10.0 1020.02 61.0 1021.48 -50.0 1022.89 40.0 1021.57
-82.0 1023.89 -8.0 1020.00 63.0 1021.48 -48.0 1022.77 42.0 1021.45
-80.0 1023.86 -6.0 1020.92 65.0 1021.47 -47.0 1022.71 44.0 1021.59
-78.0 1023.73 -4.0 1019.98 67.0 1021.50 -45.0 1022.44 46.0 1021.59
-76.0  1023.37 2.0 1019.88 69.0 1021.5% -43.0 1022.55 430 1021.50
740 102299 0.0 1020.08 70.0 1021.55 420 1022.69 51.0 1021.56
-71.9  1022.65 1.0 1020.29 71.0 1021.53 -41.5 1022.64 53.0 1021.52
-70.0  1022.74 24 1020.38 73.0  1021.56 -41.4 1020.73 56.0 1021.59
-67.5 1022.85 4.0 1020.46 75.0 1021.48 -40.0 1020.17 59.0 . 1021.52
-65.0 102291 6.0 102045 76.0 1021.56 -38.7 1019.78 62.0 1021.53
-62.0 1023.03 8.0 1020.50 77.0 1021.47 -36.0 1019.81 65.0 1021.51
-59.5 1022.85 10.0 1020.56 77.9 1021.42 -33.0 1019.85 68.0 1021.52
-57.5 1022.50 12.0 1020.65 78.7 1021.19 -30.0 1019.85 70.0 1021.60
-56.0 1022.39 14.0 1020.67 80.0 1021.09 27.0 1019.64 72.0 1021.55
-55.0 1022.46 16.0 1020.79 81.6 1021.03 -24.0 1019.79 740 1021.56
-53.2 1022.75 17.0 1020.93 82.1 1021.08 -21.0 1019.86 76.0 1021.57
-51.5 1022.84 17.5 1020.93 83.1 1021.39 -18.0 1019.91 775 . 1021.50
-50.0 1022.88 18.5 1021.10 84.2 1021.42 -15.0 1019.91 78.8 1021.21
-48.0 1022.74 19.1 1021.22 4.8 1021.50 -12.0 1019.92 80.0 1021.14
-47.0 1022.70 20.0 1021.24 85.2 1021.52 9.0 1019.91 82.0 1021.06
450 102241 21.0 1021.41 85.5 1021.44 6.0 1019.87 83.5 1021.38
-43.2 1022.49 213 1021.55 87.0 1021.49 4.0 1019.87 84.5 1021.46
422 1022.65 23.0 1021.55 87.7 1021.50 -1.8 1020.17 85.8 1021.48
41.0 1022.62 25.0 1021.57 88.6 1021.63 0.0 1020.29 86.6 1021.56
-40.5 1020.92 27.0 1021.58 89.1 1021.78 2.0 1020.45 87.8 1021.51
-39.5 1020.53 29.0 1021.61 90.8 1022.49 3.0 1020.60 89.0 1021.70
-39.0 1020.59 31.0 1021.64 914 1023.16 5.0 1020.70 91.3 1022.66
-388 102041 33.0 1021.64 93.0 1023.13 7.0 1020.69 91.5 1023.16
-38.0 1019.73 35.0 1021.65 95.0 1023.14 9.0 1020.80 93.0 1023.13
-36.0 1019.71 37.0 1021.63 97.0 1023.16 10.5 1020.95 95.0 1023.15
-340 1019.81 39.3 1021.58 98.0 1023.06 12.0 1020.98 97.0 1023.15
-32.0 1019.88 40.6 1021.38 100.0  1023.06 150 1020.99 100.0 1023.05
=300 1019.86 42.0 1021.43 1004  1023.10 17.5 1021.04 100.4 1023.09
-28.0 1019.78 43.5 1021.43 20.0 1021.29 114.7 1023.43
=260 1019.63 45.0 1021.50 21.5 1021.45
240 1019.75 47.0 1021.47 23.0 1021.44
220 1019.69 49.0 102143 25.0 1021.52
200 1019.85 51.0 1021.47 27.0 1021.50
-18.0 1019.76 53.0 1021.44 30.0 1021.59
-16.0 1019.88 55.0 1021.51 33.0 1021.59
-14.0 1019.92 57.0 1021.47 36.0 1021.57
-12.0 1019.93 59.0 1021.44 385 102153
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Table 7. (Continued) Listing of horizontal stations and elevations for cross section PR113
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1995 1995 1995 1996 1996

23 September 23 September 23 September 15 October 15 October

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-50.0 1022.89 29.8 1021.19 91.5 1023.15 -60.0 1022.89 24.5 1021.28
-47.7 1022.67 30.2 1021.25 94.0 1023.09 -56.2 1022.38 255 1021.40
-47.6 1021.15 309 1021.42 97.0 1023.15 -53.2 1022.76 28.5 1021.38
-46.2 1020.27 313 1021.36 100.0 1023.06 -51.5 1022.86 30.0 1021.23
-44.3 1019.14 32.6 1021.69 100.4 1023.08 -50.0 1022.89 320 1021.60
-40.0 1019.60 34.0 1021.83 114.7 1023.42 -49.6 1022.87 34.0 1021.83
-38.0 1019.65 36.0 1021.87 -49.1 1021.29 36.0 1021.88
-36.0 1019.64 38.0 1021.88 -47.9 1020.20 39.0 1021.82
-34.0 1019.66 40.0 1021.78 -46.0 1019.78 41.0 1021.78
-32.0 1019.81 42.0 1021.81 -44.0 1019.74 43.5 1021.84
-31.0 1019.91 44.0 1021.85 -42.0 1019.60 45.0 1021.91
-29.0 1019.85 45.0 1021.91 -40.0 1019.59 47.0 1021.86
270 1019.77 47.0 1021.89 -38.0 1019.61 48.5 1021.66
-25.0 1019.72 48.4 1021.65 -36.0 1019.69 50.0 1021.68
-23.0 1019.84 50.0 1021.68 -34.0 1019.66 53.0 1021.79
-21.0 1019.93 52.0 1021.76 -32.0 1019.79 56.0 1021.89
-19.0 1019.97 54.0 1021.80 -31.0 1019.90 58.0 1021.84
-17.0 1019.97 56.0 1021.88 -29.0 1019.83 60.0 1021.73
-15.0 1019.96 58.0 1021.83 -27.0 1019.56 62.0 1021.68
-13.0 1020.05 60.0 1021.71 -25.0 1019.57 64.3 1021.76
-11.0 1020.12 62.0 1021.68 -23.0 1019.66 66.2 1021.67
-99 1020.23 64.0 1021.75 -21.0 1019.62 68.0 1021.79
-8.0 1020.68 66.0 1021.67 -19.0 1019.83 70.0 1021.86
-6.0 1020.78 67.0 1021.76 -17.0 1020.23 72.0 1021.91
-4.0 1020.81 69.0 1021.88 -16.0 1020.41 74.0 1021.97
-2.0 1020.98 71.0 1021.86 -15.0 1020.41 76.0 1021.76
0.0 1021.00 . 73.0 1021.96 -13.0 1020.53 772 1021.73
2.0 1021.07 74.0 1021.97 -11.0 1020.68 78.2 1021.45
4.0 1021.14 75.0 1021.90 -9.0 1020.73 80.0 1021.34
6.0 1021.18 75.8 1021.76 -7.0 1020.83 82.0 1021.28
8.0 1021.25 76.5 1021.67 -4.0 1020.78 84.0 1021.63
10.0 1021.25 772 1021.75 2.0 1020.87 854 1021.73
120 1021.29 78.2 1021.43 0.0 1020.96 86.5 1021.70
14.0 1021.33 79.5 1021.33 3.0 1021.12 88.0 1021.76
16.0 1021.31 82.0 1021.27 6.0 1021.22 89.5 1021.97
18.0 1021.32 83.0 1021.43 2.0 1021.25 91.0 1022.52
20.0 1021.33 83.5 1021.62 12.0 1021.30 91.6 1023.16
22.0 1021.30 85.0 1021.70 15.0 1021.33 93.0 1023.13
24.0 1021.34 87.0 1021.70 17.0 1021.35 95.0 1023.15
250 1021.14 88.5 1021.89 19.0 1021.25 97.0 1023.15
27.0 1021.16 89.5 1021.97 20.0 1021.29 100.0 1023.06
29.0 1021.33 91.0 1022.51 22.0 1021.34 100.4 1023.11
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Table 7. (Continued) Listing of horizontal stations and elevations for cross section PR113
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1997 1997 1998 1998 1998
18 September 18 September 25 September 25 September 25 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-60.0 1022.88 28.0 1021.15 -83.9 1023.88 9.0 1021.26 100.0 1023.05
-59.0 1022.79 29.0 1021.29 -82.0 1023.90 12.0 1021.33 100.5 1023.11
-57.0 1022.46 295 1021.22 -79.0 1023.83 15.0 1021.34 103.0 1023.11
-56.0 1022.41 30.5 1021.30 -76.5 1023.44 18.0 1021.32 105.0 1023.34
-54.5 1022.58 32.5 1021.73 -74.0 1022.94 20.0 1021.39 106.5 1023.21
-52.5 1022.78 34.0 1021.86 -71.0 1022.71 220 1021.31 110.0 1023.38
-50.9 1022.90 35.0 1021.88 -68.0 1022.86 25.0 1021.08 114.7 1023.45
-50.4 1021.12 37.0 1021.90 -65.0 1022.93 262 1021.06 120.0 1023.28
-49.0 1020.27 40.0 1021.85 -62.0 1023.06 269 1021.22 125.0 1023.24
-48.0 1019.63 43.0 1021.87 -60.0 1022.88 292 1021.27 130.0 1023.28
-46.0 1019.63 45.0 1021.99 -58.0 1022.60 30.2 1021.24 135.0 1023.27
-43.0 1019.48 47.0 1021.91 -56.0 1022.41 320 1021.60 140.0 1023.26
-41.0 1019.57 48.0 1021.75 -54.0 1022.67 34.0 1021.88 142.5 1023.30
-38.0 1019.62 50.0 1021.73 -51.7 1022.84 36.0 1021.91 145.0 1023.07
-35.0 1019.69 53.0 1021.83 -51.5 1021.83 39.0 1021.88 150.0 1022.86
-33.0 1019.73 56.0 1021.92 -51.1 1021.47 42.0 1021.87 152.0 1022.84
-31.0 1019.87 59.0 1021.78 -49.9 1020.52 45.0 1021.97 155.0 1022.97
-29.0 1019.83 62.0 1021.71 -47.5 1019.62 47.0 1021.93 160.0 1022.72
-28.0 1019.67 64.0 1021.78 -45.0 1019.62 49.0 1021.72 165.0 1022.67
-26.0 1019.57 66.0 1021.73 -43.0 1020.02 51.0 1021.78 170.0 1022.74
-23.0 1019.70 68.0 1021.88 -40.0 1019.79 54.0 1021.86 175.0 1023.09
-20.0 1020.00 70.0 1021.92 -38.0 1019.60 57.0 1021.92 180.0 1023.57
-17.0 1020.25 72.0 1021.94 -36.0 1019.63 60.0 1021.75 185.0 1023.74
-16.0 1020.34 74.0 1021.96 -34.0 1019.84 63.0 1021.73
-13.0 1020.47 76.0 1021.80 -32.0 1019.95 65.0 1021.78
-10.0 1020.65 71.5 1021.72 -30.0 1019.88 67.0 1021.81
-7.0 1020.72 79.0 1021.41 -28.0 1019.71 70.0 1021.92
-4.0 1020.78 80.0 1021.39 -26.0 1019.71 73.0 1021.98
-1.0 1020.96 80.5 1021.24 -24.0 1019.87 74.0 1021.99
1.0 1021.08 81.0 1021.33 -22.0 1020.06 77.0 1021.76
3.0 1021.17 82.0 1021.32 -20.0 1020.10 79.0 1021.42
6.0 1021.21 83.0 1021.41 -18.0 1020.21 81.0 1021.32
9.0 1021.24 84.0 1021.65 -16.0 1020.32 824 1021.36
11.0 1021.30 86.0 1021.72 -14.0 1020.38 83.7 1021.63
14.0 1021.37 87.0 1021.73 -12.7 1020.46 86.0 1021.73
17.0 1021.32 89.0 1021.90 -11.0 1020.62 88.0 1021.79
19.0 1021.34 90.0 1022.15 -8.0 1020.75 89.7 1022.05
21.0 1021.33 91.2 1022.61 -5.0 1020.84 91.1 1022.61
235 1021.26 91.7 1023.16 25 1020.93 91.5 1023.13
24.5 1021.09 93.5 1023.11 0.0 1020.98 93.0 1023.12
26.0 1021.05 95.4 1023.25 3.0 1021.14 95.6 1023.18
27.0 1021.20 100.0 1023.05 6.0 1021.23 98.0 1023.09

1004  1023.11
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Description of Cross Section PR116

Location: Township 9 South/Range 48 East--section 8
U. S. Geological Survey quadrangle (1:24,000): Moorhead
Landowners--left bank: County road

--right bank: 3 Bar Ranch
Access: Left bank
Permission from: None necessary
Distance from Moorhead Gaging Station: 0.65 kilometer
Azimuth of Section (degrees magnetic): 187.5

Reference Monuments

[ Monuments on the left bank were closest to the leveling instrument ]

GPS-NADB83 (1992) Measurement
Elevation
Standard Horizontal
Station deviation precision (NGVD1929)
Description (m) Latitude Longitude (m) (m) (m)
1/2-inch-rebar; 0.20 meter above 1998 ground 1020.36
level
Benchmark, bolt in downstream concrete foot- .13 45°04°07.22” 105°51°46.75”  0.548 0.554 1020.00
ing; about 0.9 meter downstream
Bolt in upstream concrete footing; about 0.9 1.1 1019.99
meter upstream
1/2-inch-rebar; 0.02 meter above 1998 ground 0.0 45°04°07.19” 105°51°46.81”  0.441 0.596 1019.69
level
Metal hoop in concrete deadman 109.1  45°04°03.92  105°51°09.40”  0.135 0.445
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Figure 13. Upper: Location of cross section PR116, bench mark BM-PR113, and left and right
bank reference monuments in the Moorhead quadrangle. Lower left: Location of the
bench mark on the left bank. Lower right: Location of station 109.1 at the end of a U-
shaped steel rod anchored in concrete on the right bank. MN is magnetic north.
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Figure 14. Profiles of cross section PR116 from 1988 to 1992.
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Figure 15. Profiles of cross section PR116 from 1992 to 1996.
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Table 8. Listing of horizontal stations and elevations for cross section PR116
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1989 1989 1990 1990 1991
16 September 16 September 13 September 13 September 28 August
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-1.7  1020.18 69.0 1016.37 -1.7 102017 70.0 101598 -1.7  1020.18
-12 1019.89 71.0 101635 0.0 1019.65 73.0  1016.00 0.0 1019.65
0.0  1019.65 73.0 1016.29 2.0 1019.39 75.0 1016.04 20 1019.35
2.0 1019.38 75.0 1016.26 40 1019.03 76.5 1016.01 40 1019.02
40 1019.00 77.0  1016.23 50 1018.96 770 101595 50 1018.96
50 1018.96 79.0 1016.18 60 1019.15 80.0 1016.04 7.0  1019.13
70 101%.13 81.0 1016.19 80 101923 80.2 1016.00 9.0 1019.19
9.0 1019.20 83.0 1016.26 9.0 1019.20 82.0 101596 100 1019.22
11.0 1019.13 84.0 1016.48 100  1019.22 825 1016.05 12.0  1019.00
120  1019.01 852 1017.33 120 1019.01 83.0 1016.39 13.0 1018.74
13.0  1018.75 87.0 1017.80 13.0 1018.76 832 1016.74 142  1018.17
141 1018.22 89.5 101875 13.6 1018.56 83.7 1016.85 143 1017.72
142 1017.75 91.0 1018.86 142 101821 84.6 1017.25 149  1017.49
150  1017.20 93.0 1018.99 144 1017.67 86.0 1017.57 16.0  1016.51
160 1016.40 94.5 1018.76 148 101751 86.8 1017.71 17.0  1015.87
16.7  1016.09 96.0  1018.57 166  1016.05 88.0 1018.30 180  1015.69
175 101573 97.0 1018.47 174  1015.76 89.0 1018.62 18.7 101548
19.0  1015.58 98.0 1018.47 180 101574 90.0 1018.84 204  1015.71
21.0  1015.56 99.0 1018.56 18.7 1015.57 920 101890 212 1015.61
23.0 1015.60 100.0  1018.51 200 1015.57 93.4  1019.01 223 1015.87
250 1015.63 101.0  1018.95 23.0 1015.64 95.0 1018.75 232 1015.78
27.0 1015.66 260 1015.62 97.0 1018.47 25.0 1015.75
290 101571 29.0 1015.80 980 1018.52 27.0 101573
310 1015.73 320 1015.92 100.6  1018.66 29.6 1015.83
33.0 1015.72 350 1016.00 101.0 1018.93 320 1015.87
350 1015.68 372  1016.06 102.0  1019.06 33.0 1015.82
370  1015.70 39.0 1016.11 1035  1019.36 350 1015.80
390 1015.77 420 1016.19 105.0  1019.35 37.0  1015.81
410 101591 450 101625 1070  1019.28 383  1015.90
430 1015.66 48.0 1016.30 109.0  1019.35 39.7 1015.82
450 101592 51.0 101627 41.0 101588
47.0 1016.04 540 1016.25 420 1015.92
495  1016.09 570 101622 442 1016.11
51.0 1016.10 59.0 1016.22 470 101620
530 1016.10 61.0 1016.21 50.0 1016.25
550 1016.19 620 1016.11 53.0 1016.28
570 1016.22 63.0 1016.11 56.0 1016.31
59.0 1016.25 635 1016.04 59.0 1016.31
61.0 1016.27 643 101594 62.0 1016.28
63.0 101631 66.5 101595 640 101622
650 1016.35 683 1016.02 66.0 1016.28
67.0 1016.37 69.0 1016.04 68.0 1016.15
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Table 8. (Continued) Listing of horizontal stations and elevations for cross section PR116

[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1991 1992 1992 1993 1993
28 August 25 August 25 August 25 August 25 August
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
70.0 1016.04 -1.7 1020.15 700 1016.17 -1.7 1020.16 70.0 1016.11
73.0 1015.95 0.0 1019.65 73.0 1016.14 0.0 1019.66 72.0 1016.16
76.0 1015.94 20 1019.37 750 1016.14 20 1019.39 740 1016.16
79.0 1015.86 43 1018.96 76.1 1016.16 43 1018.97 76.0 1016.15
81.4 1015.64 5.4 1019.01 76.8 1015.95 5.4 1018.99 78.0 1016.10
83.0 1016.17 6.0 1019.14 78.0 101593 6.1 1019.15 80.0 101599
83.4 1016.35 8.0 1019.23 800 101597 8.0 1019.20 82.0 101595
83.6 1016.39 10.0  1019.22 820 1015.96 10.0 1019.24 83.1 1016.11
84.0 1016.67 11.0  1019.10 82.4 101596 12.0 1018.99 83.3 1016.31
85.0 1017.26 12.2 1018.96 83.0 1016.08 13.0 1018.71 83.5 1016.45
86.0 1017.57 13.0 1018.73 84.3 1016.97 143 1018.18 840 101642
88.0 1018.29 14.0 1018.30 84.7 1017.04 15.0 1017.39 84.4 1016.96
89.0 1018.62 143 1018.12 853 1017.40 15.7 1016.93 849 1017.34
90.0 1018.84 150 1017.36 86.6 1017.65 161 101631 85.7 1017.59
920 1018.90 16.0 1016.51 88.0 1018.29 17.0 1015.95 85.8 1017.75
93.0 101899 16.7 1016.09 89.4 1018.76 18.2 1015.68 86.7 1017.73
95.0 1018.76 17.3 1015.76 90.0 1018.83 19.3 1015.65 874 1017.99
96.2 1018.55 19.0 101545 92.0 101890 210 101559 88.1 1018.36
98.0 1018.47 21.0 1015.56 93.0 101898 23.0 1015.58 89.0 1018.62
100.0  1018.35 23.0 1015.63 95.0 1018.73 24.5 1015.58 89.6 1018.78
100.6 1018.72 246 101591 96.3 1018.53 26.0 1015.72 91.0 1018.64
102.0 1019.07 27.0 101593 98.0 1018.51 28.0 1015.78 93.0 1018.99
29.0 101592 100.0  1018.54 30.0 1015.86 95.0  1018.73
31.0 101594 101.0  1018.94 32.0 1015.98 96.7 1018.47
33.0 101594 103.0 1019.29 340 101596 98.2 1018.48
350 101593 1040 101941 36.0 1016.01 99.0 1018.58
37.0 101594 106.0  1019.33 380 101593 100.0 1018.52
40.0 1015.89 108.0 1019.31 40.0 1016.04 100.8 1018.72
43.0 1015.87 42.0 1016.00 102.0 1019.07
45.0 1015.97 440 1016.03 103.0 1019.27
47.0 101592 46.0 1016.11 104.3 1019.42
50.0 101595 48.0 1016.05 106.0  1019.33
52.0 101590 50.0 1016.05 108.0  1019.31
540 1016.02 520 1016.10 1094 1019.36
54.8 1016.05 540 1016.00 112.6 1019.84
55.2 1016.10 56.0 1015.99 1140 1019.84
56.0 1016.14 58.0 101594 116.0 1019.80
58.0 1016.23 60.0 1015.96 118.0 1019.77
60.0 1016.30 62.0 1015.99 120.0 1019.76
63.0 1016.33 64.0 1016.00 125.0  1019.76
65.0 1016.32 66.0 1016.00
68.0 1016.21 68.0 1016.04
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Table 8. (Continued) Listing of horizontal stations and elevations for cross section PR116
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1994 1994 1995 1995 1996

24 September 24 September 23 September 23 September 15 October

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-1.7 1020.12 86.6 1017.76 -1.7 1020.15 82.0 1015.91 -1.7 1020.15
0.0 1019.67 88.0 1018.37 0.0 1019.67 83.0 1016.08 0.0 1019.66
3.0 1019.22 89.0 1018.65 2.0 1019.39 83.5 1016.22 2.0 1019.40
5.0 1018.98 90.0 1018.83 4.0 1019.03 85.8 1017.61 5.0 1018.97
6.0 1019.15 92.0 1018.91 5.0 1018.97 86.1 1017.93 7.0 1019.14
8.0 1019.23 93.2 1019.01 6.0 1019.15 87.0 1017.85 9.0 1019.19
90 1019.19 94.5 1018.79 8.0 1019.21 89.2 1018.77 10.0  1019.24
100 1019.25 95.5 1018.67 100  1019.23 91.0 1018.88 11.0 1019.12
12.0 1019.00 97.0 1018.50 12.0 1018.99 93.0 1019.01 12.5 1018.85
13.0 1018.74 98.0 1018.49 13.0 1018.73 94.5 1018.78 13.9 1018.41
13.8 1018.44 99.0 1018.61 14.1 1018.27 96.8 1018.49 14.5 1016.96
15.9 1016.36 100.0 1018.54 14.8 1017.23 100.0 1018.55 15.3 1016.36
17.0 1015.95 101.0 1018.95 15.8 1016.42 102.0 1019.08 16.2 1016.14
19.5 101540 103.5 1019.35 16.7 1016.03 104.0 1019.37 16.5 1015.99
21.0 1015.61 106.0 1019.33 174 1015.75 107.0 1019.28 17.2 1015.77
240 101555 108.0  1019.31 19.2 1015.32 109.0 1019.33 18.8 1015.38
27.0 1015.73 110.7 1019.45 220 1015.65 1126 1019.79 200 101553
30.0 1015.82 111.0 1019.57 24.0 1015.77 22.0 1015.50
33.0 1015.77 112.6 1019.84 26.0 1015.86 24.0 1015.77
360  1015.83 280 101593 260  1015.90
39.0 1015.89 30.0 1016.03 28.0 1015.99
400 1015.86 33.0 1016.06 30.0 1015.99
430 1015.90 35.0 1016.04 32.6 1016.04
44.6 1015.97 36.7 1016.09 ‘ 35.0 1016.08
454 1016.02 39.0 1016.09 375 1016.09
48.0 1016.02 41.0 1016.10 38.6 1016.07
51.0 1016.03 43.0 1016.12 41.0 1016.09
54.0 1016.02 45.0 1016.13 44.0 1016.12
57.0 1016.08 47.0 1016.12 47.0 1016.16
60.0 1016.12 49.0 1016.09 50.0 1016.19
63.0 1016.15 504 1016.07 52.0 1016.19
66.0 1016.15 53.0 101599 55.0 1016.16
69.0 1016.16 56.0 1015.94 58.0 1016.11
72.0 1016.19 59.0 1015.87 60.5 1016.05
75.0 1016.34 62.0 1015.83 62.0 1016.04
77.0 101642 65.0 1015.78 65.0 1016.00
79.0 1016.47 68.0 1015.21 68.0 1015.97
81.0 1016.43 71.0 1015.61 70.0 1015.86
83.0 1016.48 74.0 1015.66 72.0 1015.66
84.1 1016.65 77.0 1015.76 75.0 1015.53
85.5 1017.66 79.0 1015.68 78.0 1015.45
86.0 1017.84 80.2 1015.50 80.0 1015.46
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Table 8. (Continued) Listing of horizontal stations and elevations for cross section PR116
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1996 1997 1997 1998 1998
15 October 18 September 18 September 22 September 22 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.

81.0 1015.61 -1.7  1020.12 85.0 1017.24 -1.7 1020.16 69.0 1016.01
83.0 1016.06 0.0 1019.66 86.2 1017.95 0.0 1019.67 71.0 1016.06
83.6 1016.23 2.0 1019.39 87.0 1017.96 2.0 1019.38 73.0 1015.97
84.4 1016.95 4.0 1019.04 89.0 1018.73 4.6 1018.95 75.0 1015.95
86.2 1017.94 5.0 1018.97 90.0 1018.81 56 1019.01 770 1015.94
87.1 1017.94 7.0 1019.14 93.0 1019.00 6.2 1019.14 79.0 1015.94
89.0 1018.67 9.0 1019.20 95.0 1018.77 8.0 1019.23 81.0 1015.98
90.0 1018.82 10.0 1019.24 96.7 1018.48 9.2 1019.17 83.0 1016.08
93.2 1019.01 12.0 1019.00 98.0 1018.49 11.0 1019.11 840 1016.24
95.0 1018.77 13.5 1018.59 100.0 1018.57 129 1018.73 843 1016.42
96.8 1018.48 13.7 1017.46 101.0 1018.94 13.3 1018.63 85.2 1017.39
999 1018.51 14.2 1017.08 103.0 1019.31 13.5 1017.47 86.2 1017.94
101.0 1018.92 15.5 1016.65 104.0 1019.48 14.0 1016.84 87.2 1018.00
103.0 1019.28 16.6 1016.01 106.0  1019.32 14.83 1016.42 89.0 1018.69
104.5 1019.48 18.5 101543 109.0 1019.33 15.8 1016.22 90.0 1018.81
1049 1019.35 19.3 101531 110.6 1019.46 17.5 1015.70 92.0 1018.91
107.0 1019.28 21.0 1015.52 19.0 1015.61 93.1 1019.01
109.0 1019.33 235 1015.78 20.6 1015.43 95.0 1018.75
112.6 1019.84 250 1016.03 23.0 1015.53 96.7 1018.49
26.0 1015.97 25.0 1015.60 98.7 1018.62
28.0 1016.02 27.0 1015.69 9938 1018.52
30.0 1016.04 29.0 1015.85 101.2 1018.98
320 1016.00 310 1015.93 1022 1019.11
35.0 1016.07 33.0 1015.98 104.2 1019.47
38.0 1016.06 350 1016.08 106.0 1019.32
41.0 1016.08 37.0 1016.16 108.0 1019.30
44.0 1016.10 38.0 1016.22 109.3 1019.30
47.0 1016.07 399 1016.31 110.7 1019.44
50.0 1016.05 413 1016.20 112.6 1019.81

53.0 1015.99 43.0 1016.14

56.0 1015.85 45.0 1016.09

59.0 1015.64 . 470 1016.07

62.0 1015.64 49.0 1016.07

65.0 1015.69 51.0 1016.02

68.0 1015.80 53.0 1015.99

71.0 1015.90 55.0 1015.99

74.0 1015.80 57.0 1015.90

77.0 1015.80 59.0 1015.90

80.0 1015.88 61.0 1015.90

82.0 1015.93 63.0 1015.93

83.1 1016.07 65.0 1015.96

83.6 1016.13 67.0 1016.03
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Description of Cross Section PR120

Location: Township 8 South/Range 48 East--section 33
U. S. Geological Survey quadrangle (1:24,000): Moorhead
Landowners--left bank: Larry and Linda Thomas
--right bank: 3 Bar Ranch
Access: Left bank
Permission from: Larry and Linda Thomas
Distance from Moorhead Gaging Station: 4.68 kilometers
Azimuth of Section (degrees magnetic): 114.5

Reference Monuments

[ Monuments at stations -82.0 and -30.0 were closest to leveling instrument}

GPS-NADS3 (1992) Measurement
Elevation
Standard Horizontal
Station deviation precision (NGVD1929)
Description (m) Latitude Longitude {m) (m) {m)
1/2-inch-rebar; 0.06 meter below 1998 ground  _g2 0
level
Benchmark--brass circular plate -30.0  45°5°3249” 105°51'14.17”  0.619 0.624 1014.70
1/2-inch-rebar; 0.16 meter above 1998 ground  100.9 1013.93
level
1/2-inch-rebar; 0.20 meter above 1998 ground  104.0  45°05°29.73”  105°51°09.40”  0.243 0.481 1014.05

level
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Figure 17. Upper: Location of cross section PR120, bench mark BM-PR120, and the right bank
reference monument in the Moorhead quadrangle. Lower: Location of the bench mark on
the left bank. MN is magnetic north.
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Table 9. Listing of horizontal stations and elevations for cross section PR120
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1989 1989 1990 1990 1991
16 September 16 September 14 September 14 September 28 August
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-29.0 1014.68 450 1010.87 -27.0 1014.68 4.4 101097 -30.0 1014.70
-26.0 1014.68 47.0 101091 240 1014.74 448 1010.86 -29.0  1014.69
-23.0 1014.75 49.0 1010.88 -21.0 1014.76 47.0 1010.90 -26.0  1014.69
-20.0 1014.72 50.6 1010.95 -180 1014.66 49.0 1010.94 -23.0 1014.79
-17.0 1014.64 520 1011.00 -15.0 1014.65 51.0 101096 -200  1014.73
-14.0 1014.66 540 1011.08 -12.0 1014.64 53.0 1011.02 -17.0  1014.59
-11.0 1014.68 56.0 1011.14 -10.0 1014.71 550 1011.11 -14.0 1014.64
90 1014.66 58.2 1011.22 -8.0 1014.62 56.0 1011.12 -11.0  1014.67
-70  1014.56 600 1011.74 -6.0  1014.52 572 1011.34 -8.0 1014.63
-5.0 1014.50 61.6 1011.92 -4.6 101452 58.0 1011.76 -6.0 1014.52
-4.0  1014.50 63.0 1012.17 -4.0 101451 59.0 1011.96 -4.7 1014.53
-32 1014.45 64.0 1012.24 -3.0 1014.41 60.0 1012.11 -3.1 1014.46
-3.0 101425 66.0 1012.17 24 1013.17 60.7 1012.15 -2.4  1013.20
-2.6  1013.71 68.0 1012.08 -1.6  1012.56 614  1012.10 -1.2 101242
-25 101328 70.0 101195 -09 1012.28 63.0 101225 -0.3 1012.17
-12 101238 72.0 1011.87 -02  1012.20 639 101228 1.1 1011.04
-03 1012.07 740 1011.89 13  1011.03 644 101236 3.7 1010.78
09 1011.17 76.0 1011.96 22 101092 65.0 101224 5.0 1010.68
12 1011.02 772 101217 3.0 1010.87 66.0 1012.18 7.0  1010.66
20 1010.95 784  1012.30 5.0 101071 68.0 1012.12 8.7 1010.64
40 1010.78 79.5 1012.62 7.0 1010.67 70.0 1011.96 10.6 1010.66
60 1010.67 80.3 1012.63 9.0 1010.66 72.0 1011.91 11.9 1010.69
80 1010.65 820 101292 11.0 1010.70 740 1011.92 13.0 1010.62
10.0 1010.68 840 1013.19 13.0 1010.74 76.0  1012.00 15.0 1010.63
120  1010.69 86.0 1013.40 150 1010.65 780 101226 17.0  1010.67
140 1010.65 88.0 1013.38 170  1010.67 80.0 1012.64 19.0 1010.65
160  1010.65 90.0 1013.61 19.0 1010.65 8§1.0 1012.85 21.0 1010.62
180 1010.67 92.0 1013.68 21.0 1010.67 82.0 1012.90 23.0 1010.68
20.0 1010.66 940 1013.57 23.0 1010.66 840 1013.20 25.0 1010.72
220 1010.65 96.0 1013.64 25.0 1010.71 850 1013.32 27.0 1010.72
23.0 1010.66 98.0 1013.73 27.0 1010.80 86.0 101340 30.0 1010.73
243 1010.70 100.0  1013.78 29.0 1010.86 83.0 1013.38 31.6 1010.74
252 1010.97 101.0  1013.76 295 1010.74 90.0 1013.60 33.6 1010.75
27.0 101087 104.0 1013.82 320 1010.79 920 1013.68 340 1010.85
29.0 1010.76 330 101091 93.5 1013.57 36.0 1010.86
31.0 1010.75 333 101091 95.0 1013.58 38.0 1010.79
33.0 1010.75 340 1010.88 96.0 1013.64 40.0 1010.82
350 1010.74 350 1010.94 99.0 1013.76 42.0 1010.82
37.0 1010.78 370 1010.96 101.0  1013.77 45.0 101090
39.0 1010.78 390 1011.01 102.5  1013.75 48.0 101091
41.0 1010.82 41.0 1011.01 104.0  1013.83 51.0 101096
430 1010.84 43.0 101099 107.0  1013.78 54.0 1011.07

1100  1013.76
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Table 9. (Continued) Listing of horizontal stations and elevations for cross section PR120
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1991 1992 1992 1993 1993
28 August 25 August 25 August 25 August 25 August
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
568  1011.17 -300 1014.70 500 1010.92 -30.0 1014.70 562 1011.14
581 1011.73 -28.0 1014.69 520 1011.00 -280 1014.70 57.1 101152
586 1011.75 2250 1014.73 540 1011.06 -250 1014.73 573  1011.53
61.0 1012.14 =220 1014.77 56.0 1011.13 -220 101475 57.6 1011.64
62.0 1012.17 -19.0 1014.68 563 1011.18 -19.0 1014.70 583  1012.08
640 1012.30 -16.0  1014.63 574 1011.59 -16.0  1014.63 590 1012.14
660 1012.18 -13.0 1014.64 583 101177 -13.0 1014.65 59.5 1012.15
68.0 1012.11 -10.0 1014.72 59.0 1011.83 -10.0 1014.74 60.0 1012.15
700 1011.95 -8.0 1014.64 60.0 1012.01 -8.0 1014.65 60.5 101222
720  1011.90 -6.0 1014.52 61.0 1012.20 -6.0 1014.51 612 1012.50
740 101192 -4.5 1014.54 63.0 101225 -4.0 1014.51 62.0 1012.50
76.0  1012.00 -3.2 101445 65.0 101225 -3.0 1014.41 63.5 101245
780  1012.25 -2.5  1013.40 68.0 1012.10 24 101343 650 101239
79.5 1012.61 -1.8  1012.75 71.0 1011.93 -1.0 101245 664 1012.29
80.0 1012.63 -0.6  1012.28 73.0 1011.88 -0.6 1012.41 68.0 1012.21
820 1012.90 05 1011.80 740 101193 1.6 1011.13 700 1012.03
83.0 1013.09 1.5 1011.00 76.0  1012.02 40 1010.34 72.0 101199
85.0 101332 24 101092 78.0 1012.26 6.0 1010.69 73.5 101195
860 1013.39 43  1010.77 80.0 1012.63 8.0 1010.63 75.0 1012.01
830 101337 6.0 1010.67 81.5 1012.88 100 1010.66 76.5 1012.11
90.0 1013.60 8.0 1010.65 82.5 101296 120 1010.69 78.0 101227
920 1013.67 10.0 1010.66 84.0 1013.26 140 1010.61 79.0 101246
940 1013.57 120  1010.66 86.0 1013.39 160 1010.66 80.0 1012.62
970 1013.70 140 1010.63 83.0 1013.38 18.0  1010.66 815 1012.88
1000 1013.78 160  1010.63 90.0 1013.60 200 1010.64 825 101295
101.0  1013.77 18.0 1010.66 920 1013.67 22.0 1010.76 840 1013.26
1040 1013.84 200 1010.66 94.0 1013.57 240 1010.67 86.0 1013.40
220 1010.64 96.0 1013.64 260 1010.81 88.0 1013.38
240 1010.69 98.0 1013.74 28.0 1010.85 90.0 1013.61
260 1010.70 100.0 1013.79 30.0 1010.85 920 1013.67
28.0 1010.72 101.0  1013.76 320 1010.89 940 1013.58
30.0 1010.72 1040 1013.84 340 1010.85 97.0 1013.70
320 1010.72 107.0  1013.79 360 1010.88 100.0  1013.79
338 1010.75 1100  1013.77 38.0 1010.86 101.0  1013.77
343 1010.86 400 1010.87 1040  1013.83
360 1010.83 420 1010.88
38.0 1010.81 440 101092
40.0 1010.82 460 101091
420 1010.80 480 1010.88
440 1010.83 . 50.0 101092
460 1010.89 520 101086
48.0 1010.90 54.0 1011.04
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Table 9. (Continued) Listing of horizontal stations and elevations for cross section PR120

[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1994 1994 1995 1995 1996

24 September 24 September 23 September 23 September 15 October

Sta. +Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-30.0 1014.70 500 1011.19 -280 1014.68 660 1012.67 -30.0 101470
-280  1014.68 52.5 1011.26 -26.0  1014.69 68.0 1012.47 -29.0  1014.68
-260  1014.69 53.0 1011.18 -23.0 1014.78 700  1012.25 -26.0 1014.69
-240 101476 545 1011.15 -20.0 1014.75 72.0  1012.15 -23.0 1014.78
-21.0  1014.75 560 1011.20 -17.0  1014.67 730 1012.12 -20.0 101472
-180  1014.67 56.5 1011.29 -14.0 1014.64 75.0 1012.15 -17.0  1014.63
-16.0  1014.62 57.2  1011.52 -11.0  1014.68 76.0 1012.20 -140  1014.66
-13.0  1014.63 583 1012.02 -8.0 101464 78.0  1012.37 -11.0  1014.68
-100  1014.73 58.7 1012.13 -6.0 101453 80.0  1012.66 9.0 1014.67
-80 101464 60.3 1012.27 -4.0  1014.50 820 101291 -6.0  1014.52
-6.0 101453 613 101249 -3.3 101446 840 1013.24 -3.3 101447
-3.1 1014.44 61.9 1012.51 -27  1013.75 86.0 1013.39 -1.5  1012.74
-2.5 1013.57 63.0 1012.53 -1.5  1012.69 88.0 1013.38 -0.8  1012.42
-1.7  1012.74 65.0 101241 -1.0  1012.63 90.0 1013.60 13 101098
-1.0 101245 67.0 1012.28 -04 101241 920 1013.67 1.8  1010.93
-03 1012.29 69.0 1012.17 12 1010.96 94.0 1013.58 3.0 1010.79
0.5 1011.81 70.0 1012.08 4.0 1010.75 96.0 1013.64 6.0 1010.66
12 1011.00 720  1012.00 70 1010.68 98.5 1013.76 9.0 1010.66
3.0 1010.87 740 1011.99 10.0  1010.65 101.0 1013.78 120  1010.66
55 1010.70 75.0 1012.02 13.0 1010.63 104.0 1013.83 150 1010.62
8.0 1010.64 76.0  1012.07 16.0  1010.65 180 1010.66
110 1010.67 775 101225 190 1010.64 21.0 1010.63
140 1010.59 78.6 101237 220 1010.63 240 1010.70
170  1010.66 79.0 1012.51 25.0 1010.70 27.0 1010.72
200 1010.63 800 1012.64 28.0 1010.66 30.0 1010.69
23.0 1010.67 82.0 1012.90 31.0 1010.71 33.0 1010.70
260 1010.74 834 1013.14 340 1010.77 36.0 1010.72
290 1010.75 850 1013.33 370 1010.73 39.0 1010.78
310 101074 860 101340 400 1010.79 420 1010.83
320 1010.78 88.0 1013.37 43.0 1010.84 450 1010.86
330 1010.77 90.0 1013.60 460 1010.85 48.0  1010.87
345 1010.80 91.0 1013.68 490 1010.84 51.0 1010.89
352 1010.86 93.0 1013.62 51.0 1010.89 53.0 101094
362  1010.88 94.0 1013.57 535 101097 550 1011.02
380 1010.87 96.0 1013.65 55.0 101094 562 1011.16
40.0 1010.87 99.0 1013.78 563 1011.20 571 1011.58
420 1010.94 101.0 101377 574 1011.61 579 1011.96
450 101093 1040 1013.34 584 1011.66 60.0 101243
470 101098 592 1012.14 61.0 1012.56
475 1011.16 60.1 1012.46 63.0 101270
485 1011.15 62.0 1012.65 64.0 101271
49.5 1011.21 64.0 1012.71 66.0 1012.60
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Table 9. (Continued) Listing of horizontal stations and elevations for cross section PR120
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1996 1997 1997 1998 1998

15 October 18 September 18 September 25 September 25 September

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
68.0 1012.47 -30.0 1014.70 69.0 1012.37 -30.0 1014.70 54.5 1011.00
70.0 1012.26 -27.0 1014.67 71.0 1012.23 -28.0 1014.70 56.0 1011.09
72.0 1012.18 -24.0 1014.73 73.0 1012.13 -26.0 1014.70 56.5 1011.27
74.0 1012.15 -21.0 1014.74 75.0 1012.16 -24.0 1014.73 57.0 1011.55
750 1012.15 -18.0 1014.68 77.0 1012.30 -22.3 1014.77 57.5 1011.79
77.0 1012.31 -15.0 1014.63 79.0 1012.53 -20.0 1014.71 57.8 1011.94
78.0 1012.39 -12.0 1014.64 81.0 1012.79 -18.0 1014.66 58.0 1011.98
80.0 1012.67 9.0 1014.66 82.5 1012.97 -16.8 1014.62 584 1012.06
82.0 1012.93 -6.0 1014.53 85.0 1013.32 -15.0 1014.63 59.0 1012.20
84.0 1013.21 -33 1014.47 88.0 1013.38 -13.0 1014.65 60.0 1012.41
86.0 1013.39 -1.6 1012.79 91.0 1013.70 -11.0 1014.68 60.5 1012.49
88.0 1013.38 -1.2 1012.63 93.5 1013.56 9.8 1014.73 61.0 1012.57
90.0 1013.61 -0.5 1012.25 96.0 1013.64 92 1014.65 62.0 1012.66
92.0 1013.68 1.3 1010.97 99.0 1013.77 -8.0 1014.66 63.0 1012.71
95.0 1013.58 1.6 1010.95 101.0 1013.77 -6.0 1014.52 64.0 1012.71
98.0 1013.74 4.0 1010.73 104.0 1013.84 -5.0 1014.52 65.0 1012.68
100.9 1013.78 7.0 1010.68 -3.2 1014.47 66.0 1012.61
104.0 1013.84 10.0 1010.67 2.9 1014.11 67.0 1012.53
13.0 1010.62 -1.7 1012.85 67.5 1012.48
16.0 1010.66 -0.5 1012.37 68.0 1012.50
19.0 1010.69 0.0 1011.88 69.0 1012.37
22.0 1010.64 0.8 1011.33 69.5 1012.34
25.0 1010.67 12 1011.08 70.0 1012.30
28.0 1010.70 15 1010.96 71.0 1012.25
31.0 1010.70 30 1010.83 72.0 1012.19
34.0 1010.71 6.0 1010.67 73.0 1012.13
37.0 1010.73 9.0 1010.66 74.0 1012.14
40.0 1010.80 12.0 1010.66 75.0 1012.15
43.0 1010.82 15.0 1010.65 75.4 1012.17
46.0 1010.84 18.0 1010.67 76.0 1012.20
49.0 1010.84 21.0 1010.63 77.0  1012.33
51.5 1010.89 24.0 1010.69 78.0 1012.38
52.6 1010.95 27.0 1010.74 78.5 1012.43
55.0 1011.04 30.0 1010.72 79.0 1012.53
55.8 1011.06 330 1010.77 80.0 1012.65
56.5 1011.23 36.0 1010.72 80.8 1012.74
58.0 1011.98 39.0 1010.79 81.0 1012.78
59.5 1012.32 42.0 1010.83 82.0 1012.91
61.0 1012.57 45.0 1010.85 82.7 1013.00
63.0 1012.70 48.0 1010.85 83.0 1013.07
65.0 1012.67 51.0 1010.88 83.7 1013.16
67.0 1012.52 53.0 1010.95 84.0 1013.22
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Table 9. (Continued) Listing of horizontal stations and elevations for cross section PR120
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1998

25 September
Sta. Elev.
85.0 1013.33
86.0 1013.39
87.0 1013.38
87.7 1013.35
88.0 1013.38
88.5 1013.43
89.0 1013.49
90.0 1013.58
91.0 1013.71
92.0 1013.68
033 1013.57
960 1013.63
98.0 1013.74

100.0 1013.80

101.0  1013.78
1020 101373
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Description of Cross Section PR122

Location: Township 8 South/Range 48 East--section 28
U. S. Geological Survey quadrangle (1:24,000): Moorhead
Landowners--left bank: Glenn and William Gay
--right bank: U. S. Government
Access: Left bank
Permission from: Gay Ranch
Distance from Moorhead Gaging Station: 7.07 kilometers
Azimuth of Section (degrees magnetic): 135.5

Reference Monuments

[ Monuments at stations -1.2 and 0.0 were closest to leveling instrument; benchmark (brass circular plate in concrete) was removed

between 1988 and 1998 ]
GPS-NAD83 (1992) Measurement
Elevation
Standard Horizontal
Station deviation precision (NGVD1929)
Description (m) Latitude Longitude (m) (m) {m)

1/2-inch-rebar; bent, 0.18 meter above 1998 -12  45%6'37.88”  105°51°00.00” 0 0.280 0.500 1014.76

ground level
Benchmark--1/2-inch-rebar 0.0 1014.56
1/2-inch-rebar; bent, about 0.08 meter below 101.8 1009.29

1978 ground level; could not see it in 1998
1/2-inch-rebar; bent, 0.13 meter above 1998 1362 : 1010.36

ground level
1/2-inch-rebar; in sand ridge above surround- 141.0  45°6'33.88" 105°51°56.78” 0475 0.472 1010.93

ing floodplain; 0.29 meter above 1998

ground level
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Figure 21. Upper: Location of cross section PR122 and the left and right bank reference monu-
ments in the Moorhead quadrangle. Lower: Location of stations 0.0 and -1.2 on the left
bank. MN is magnetic north.
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Description of Cross Section PR122A

Location: Township 8 South/Range 48 East--section 28
U. S. Geological Survey quadrangle (1:24,000): Moorhead
Landowners--left bank: U.S. Government
--right bank: U.S. Government
Access: Left bank
Permission from: Gay Ranch
Distance from Moorhead Gaging Station: 6.60 kilometers
Azimuth of Section (degrees magnetic): 133.5

Reference Monuments

[ Monuments on left bank were closest to leveling instrument]

GPS-NADS83 (1992) Measurement
Elevation
Standard Horizontal
Station deviation precision (NGVD1929)
Description (m) Latitude Longitude (m) {m) (m)
1/2-inch-rebar; 0.17 meter above 1998 ground 500  45°06'29.84”  105°50747.05”  0.356 0.551 1010.37
level
Benchmark--1/2-inch-rebar; 0.06 meter above  .20.0 1010.33
1998 ground level
1/2-inch-rebar; 0.05 meter above 1998 ground  100.0 1010.00
level
1/2-inch-rebar; bent, 0.13 meter above 1998 101.8 1010.12
ground level
1/2-inch-rebar; bent flat with 1998 ground 1450 45°06'24.50” 105°50°42.28” 0453 0.781 1009.98
level
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Figure 23. Upper: Location of cross section PR122A and the left and right bank reference monu-
ments in the Moorhead quadrangle. New channel created during the 1978 flood is shown

in its approximate location. Lower: Location of the bench marks (12-mm-diameter steel
rods) on the left bank. MN is magnetic north.
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Figure 24. Profiles of cross section PR122A from 1988 to 1992.
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Figure 25. Profiles of cross section PR122A from 1992 to 1996.
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71



Table 11. Listing of horizontal stations and elevations for cross section PR122A
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1989 1989 1989 1989 1990

17 September 17 September 17 September 17 September 15 September

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-280 101021 13.0  1007.45 66.8  1007.89 1350 101020 -1.5  1009.63
-250  1010.18 150 1007.34 68.0 1008.01 138.0  1009.86 0.0 1009.70
-22.5 1010.25 15.8  1007.31 68.4 1008.11 1410  1009.93 20 1009.64
-20.0 1010.26 16.8  1007.19 69.0 100818 143.0  1009.80 40 1009.64
-180 101026 175 1007.24 70.1 1008.13 145.0  1009.79 6.0  1009.70
-170 101021 18.1 1007.20 71.0 100830 8.0 1009.68
-160  1010.03 19.0 .1007.19 72.0 1008.32 88  1009.63
-153 1009.95 20.1 1007.21 73.0 100848 9.1 1009.55
-14.9 1009.64 220 1007.19 740 1008.49 93  1008.67
-13.9  1009.10 24.0 1007.16 75.0  1008.61 11.0  1007.80
-12.7  1008.92 26.0 1007.05 76.0  1008.85 12.0  1007.56
-12.0  1008.94 28.0 1007.04 76.7 100927 13.0  1007.30
-11.0 1008.81 30.0 1006.96 77.1 1009.65 140  1007.23
-9.6  1008.65 32.0 1006.95 772 1009.93 150 1007.31
9.5  1008.64 340 1006.85 78.0  1009.90 16.1 1007.27
-86 1008.64 36.0 1006.70 79.0 1009.86 163  1007.13
-8.3  1008.67 38.0 1006.58 80.0 1009.75 16.8  1006.86
-7.6  1008.77 40.0 1006.59 80.3  1009.71 18.0  1006.90
-7.4  1008.87 420 1006.63 81.3  1009.83 19.0 1006.97
-6.8  1009.25 440 1006.81 83.0 1009.74 21.0 1007.04
-6.6  1009.53 46.0 1007.03 84.5 1009.73 23.0 1007.07
-6.0  1009.55 48.0 1007.15 86.0  1009.67 25.0 1007.09
-50  1009.56 49.7  1007.21 88.0  1009.65 26.0  1007.08
-40  1009.60 51.0 1007.32 89.5  1009.68 28.0 1007.03
-3.0 1009.62 52.1 1007.51 91.0 1009.64 300 1006.96
-15 1009.62 523 1007.71 93.0 1009.74 32.0 1006.91
00 1009.72 53.0 1007.75 94.0 1009.67 33.0 1006.85
1.0 1009.67 54.0 1007.77 95.0 1009.67 350 1006.69
20 1009.63 55.5 1007.74 97.0  1009.70 37.0 1006.63
3.0 1009.63 56.0  1007.83 98.0  1009.75 39.0 1006.55
40 1009.63 56.5 1007.81 100.0  1009.95 41.0  1006.65
50 1009.69 57.0 1007.88 101.7  1009.99 43.0 1006.73
6.0  1009.69 58.0 1007.95 103.0  1009.78 450 100692
7.0  1009.68 58.5 1007.85 104.0  1009.74 470 1007.14
8.0  1009.66 60.0 1007.92 106.0  1009.75 479 1007.28
9.0  1009.62 61.0 1007.90 1100 1010.03 483  1007.26
93 1009.53 62.0 1007.98 115.0 1010.20 49.5 1007.43
9.4  1008.63 63.0 1008.15 120.0 1010.22 50.8 1007.52
100  1008.46 63.4  1008.04 1250 101026 513 100746
11.0  1007.93 63.9 1008.17 129.0  1010.27 520 1007.53
113 1007.70 642  1007.98 131.7  1009.88 53.0 1007.67
12.1 1007.56 65.0 1007.91 133.0 1009.95 55.0 1007.85
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Table 11. (Continued) Listing of horizontal stations and elevations for cross section PR122A
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1990 1991 1991 1991 1992
15 September 29 August 29 August 29 August 25 August
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
57.0 1008.13 -20.0 101027 420 1006.66 1200 101024 -50.0 1010.22
58.0  1008.21 -18.0  1010.26 440 1006.82 123.0  1010.26 -44.7  1010.21
592  1008.25 -17.0  1010.20 452  1006.93 1260  1010.26 -43.0  1009.69
59.6  1008.19 -15.3  1009.96 47.0 1007.08 129.0 1010.25 -41.4  1009.64
60.0  1008.25 -14.0  1009.15 50.0 1007.25 1320  1009.89 -40.2  1009.29
61.0  1008.28 -12.7  1008.94 517 1007.33 133.0  1009.95 -38.6  1009.38
62.6  1008.37 -11.2  1008.83 54.0 1007.37 135.0 1009.71 -35.8  1009.21
640 1008.19 -9.5 1008.67 55.6 1007.56 138.0 1009.86 -342  1009.18
65.0  1008.14 -8.8  1008.63 56.6 1007.79 140.0 1009.96 -31.3  1009.46
66.0  1008.05 -7.4  1008.86 580 1007.98 142.0  1009.92 -30.2  1009.68
67.0  1008.01 -6.8  1009.22 60.0 1008.16 1432  1009.79 -29.2  1010.11
68.0 1008.11 -6.6  1009.52 61.5 1008.24 145.0  1009.79 -27.0 1010.21
69.0 1008.20 -5.0  1009.59 63.0 1008.41 -25.0 1010.19
70.0  1008.19 -3.0 1009.63 65.0 1008.33 -22.0 1010.29
71.0  1008.32 -1.5  1009.66 67.0 1008.13 -20.0 1010.27
720 100840 0.0 1009.72 69.0 1008.18 -180  1010.26
73.0 1008.52 2.0 1009.63 700 1008.20 -154  1009.96
740  1008.52 5.0 1009.72 72.0  1008.40 -14.0 1009.20
75.0  1008.62 7.0 1009.68 73.0 1008.51 -12.8  1008.93
75.7  1008.80 8.5 1009.66 740 1008.51 -10.0  1008.68
76.8  1009.34 9.3  1009.55 74.8  1008.57 -8.4  1008.64
770  1009.53 93  1008.68 75.8  1008.80 -7.4  1008.87
773 1009.92 10.0  1008.33 77.1  1009.47 -6.7 1009.23
78.0  1009.90 10.7  1008.00 775  1009.90 -6.5  1009.53
79.0  1009.85 121 1007.54 80.0 1009.76 -4.0 1009.61
80.0 1009.74 12.6  1007.11 82.0 1009.79 -1.5  1009.64
810 1009.82 13.0 1007.04 85.0 1009.73 0.0 1009.71
820 1009.78 14.6  1006.90 88.0 1009.66 2.0 1009.64
840 1009.75 16.0  1006.99 91.0 1009.63 40 1009.64
86.0 1009.69 18.0 1007.04 93.0 1009.73 6.0 1009.70
88.0 1009.66 20.0 1007.05 95.0  1009.67 8.0 1009.68
90.0 1009.74 22.0 1007.06 97.0  1009.70 9.2  1009.58
920 1009.71 24.0 1007.06 98.0 1009.74 9.3 1009.48
940 1009.67 26.0 1007.09 100.0  1009.95 9.3  1008.50
96.0 1009.74 28.0 1007.05 101.7  1010.00 9.8  1008.46
970 1009.70 300 100696 103.7  1009.72 11.4  1007.69
98.0 1009.75 31.1  1006.95 1050  1009.72 12.1 100745
1000  1009.95 320 100692 107.0  1009.78 123 1007.30
101.7  1010.00 340 1006.80 109.0  1009.94 125 1007.15
36.0 1006.69 111.0  1010.10 13.3  1006.89
38.0 1006.58 1140 1010.19 150  1006.88
40.0 1006.61 1170 101023 172 1006.85
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Table 11. (Continued) Listing of horizontal stations and elevations for cross section PR122A

[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1992 1992 1993 1993 1993
25 August 25 August 26 August 26 August 26 August
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
19.0 1007.04 990  1009.87 -20.0 1010.26 350 1006.71 100.0  1009.95
21.0 1007.12 100.0  1009.95 -17.7  1010.27 37.0 1006.63 101.7  1010.01
230 1007.08 101.7  1010.01 -154  1009.96 39.0 1006.62 104.0  1009.74
250 1007.07 -13.8  1009.14 410 1006.74 107.0  1009.78
270 1007.05 -12.6  1008.94 430 1006.86 109.0  1009.99
29.0 1007.03 -11.0  1008.83 45.0 1006.99 112.0  1010.15
31.0 1006.98 -9.6  1008.66 46.5 1007.12 115.0 1010.21
33.0 100693 -8.8  1008.63 480 1007.23 120.0 1010.25
350  1006.75 -8.0  1008.69 50.0 1007.44 125.0 1010.25
37.0  1006.64 -7.5  1008.82 52.0 1007.57 129.0  1010.27
39.0 1006.59 -6.7  1009.27 540 1007.68 132.0  1009.92
410 1006.63 -6.6  1009.52 550 1007.74 135.0  1009.71
430 1006.73 -6.0  1009.56 572  1007.79 140.0  1009.98
450  1006.89 -3.0 1009.61 584  1007.87 145.0  1009.80
470 1007.09 -1.5  1009.64 60.0 1008.06
480 1007.17 -1.0  1009.58 620 1008.34
500 1007.24 0.0 1009.71 633  1008.53
520 1007.28 2.0 1009.63 63.4 1008.61
53.0 1007.26 40 1009.64 640 1008.65
553 100751 5.0  1009.69 650 1008.71
56.6 1007.79 5.1  1008.51 66.0  1008.68
580 1007.98 6.0 1008.34 66.7 1008.60
60.0 1008.20 6.2 1007.90 68.0 1008.41
62.0 1008.31 6.7 1007.77 69.0 1008.40
63.0 1008.42 72 1007.75 70.0 1008.38
65.0 1008.33 82 1007.75 72.0 1008.45
67.0 1008.15 8.8  1007.66 740  1008.53
69.0 1008.23 9.5 100748 75.0  1008.63
700 1008.23 10.1  1007.26 76.0  1008.97
72.0  1008.42 10.7  1006.96 770  1009.39
740  1008.55 12.0  1006.81 773  1009.86
750 1008.64 13.0 1006.78 77.5 100995
77.0  1009.42 15.0 1006.88 79.0 1009.84
775  1009.92 17.0  1006.94 80.0 1009.74
783  1009.88 19.0  1006.90 815 1009.83
80.0 1009.76 21.0 1006.82 83.0 1009.75
83.0 1009.75 23.0 1006.95 850 1009.73
86.0  1009.70 250 1007.01 87.0 1009.70
890.0  1009.72 27.0 1007.06 89.0 1009.69
91.0 1009.65 290 1007.01 91.0 1009.67
940 1009.68 31.0 100692 940 1009.67
97.0 1009.70 33.0 1006.82 97.0 1009.70
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Table 11. (Continued) Listing of horizontal stations and elevations for cross section PR122A
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1994 1994 1995 1995 1995
24 September 24 September 26 September 26 September 26 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-20.0 1010.26 50.0 1007.44 -50.0 1010.19 1.0 1007.34 75.0 1008.78
-18.0 1010.25 52.0 1007.56 -49.0 1010.12 2.0 1007.17 75.3 1008.81
-17.0 1010.21 54.0 1007.69 -47.0 1010.20 4.0 1007.00 76.0 1009.00
-154 1009.97 56.0 1007.91 -45.0 1010.22 6.0 1006.95 77.0 1009.46
-14.2 1009.31 57.7 1008.03 -44.5 1010.17 8.0 1006.91 77.7 1010.10
-133 1009.05 59.6 1008.15 -43.0 1009.72 10.0 1006.90 78.0 1009.90
-12.0 1008.94 60.6 1008.32 -41.5 1009.70 12.0 1006.94 80.0 1009.77
-10.0 1008.70 62.0 1008.47 -40.0 1009.31 14.0 1006.97 82.0 1009.79
-8.8 1008.64 64.0 1008.70 -39.0 1009.40 16.0 1006.96 84.0 1009.77
-7.8 1008.74 65.0 1008.79 -37.0 1009.29 18.0 1006.90 86.0 1009.72
-6.6 1009.28 66.0 1008.79 -36.0 1009.24 19.0 1006.81 38.0 1009.68
-6.5 1009.51 67.0 1008.66 -35.0 1009.18 21.0 1006.89 90.0 1009.74
-6.0 1009.57 68.0 1008.48 -33.0 1009.32 23.0 1006.94 92.0 1009.72
-4.0 1009.60 69.0 1008.44 -31.2 1009.49 25.0 1006.95 94.0 1009.68
-1.5 1009.62 71.0 1008.46 -30.0 1009.83 27.0 1007.00 96.0 1009.75
0.0 1009.72 73.0 1008.53 -28.7 1010.17 29.0 1007.05 98.0 1009.75
20 1009.63 75.0 1008.64 -27.0 1010.21 31.0 1007.08 100.0 1009.95
4.0 1009.65 76.0 1008.99 -25.0 1010.19 33.0 1007.20 101.7 1010.00
46 1009.65 77.2 1009.49 -23.0 1010.25 350 1007.26
49 1008.69 71.5 1009.88 -21.0 1010.26 36.6 1007.37
5.2 1008.36 78.0 1009.91 -20.0 1010.27 38.0 1007.47
6.7 1007.76 80.0 1009.75 -18.0 1010.26 40.0 1007.57
8.0 1007.34 83.0 1009.76 -154 1009.99 42.0 1007.61
8.5 1007.27 86.0 1009.70 -13.5 1009.06 44.0 1007.71
92 1007.37 89.0 1009.71 -12.0 1008.94 460  1007.74
103 1006.99 92.0 1009.72 -100 1008.72 48.0 1007.83
11.5 1006.92 95.0 1009.68 -8.7 1008.65 50.0 1007.88
130 1006.98 98.0 1009.75 -7.6 1008.88 51.7 1007.87
150 1007.02 100.0 1009.95 -6.7 1009.32 53.7 1008.00
170 1006.97 101.7 1010.00 -6.6 1009.52 55.2 1007.92
20.0 1006.89 103.5 1009.75 -5.0 1009.60 57.0 1008.03
230 1006.93 106.0 1009.75 -3.5 1009.59 59.0 1008.11
26.0 1007.04 108.0 1009.84 -3.5 1008.86 59.7 1008.07
290 1007.05 109.5 1009.98 -3.0 1008.82 61.0 1008.27
320 1006.91 110.5 1010.06 2.5 1008.47 63.0 1008.57
35.0 1006.71 112.0 1010.12 22 1008.44 65.0 1008.87
38.0 1006.62 145.0 1009.79 2.2 1008.08 65.3 1008.99
410 1006.82 -1.9 1008.07 67.0 1008.97
430 1006.84 -1.4 1007.64 69.0 1008.91
45.5 1007.02 -04 1007.54 71.0 1008.86
46.5 1007.10 0.0 1007.66 73.0 1008.77
48.0 1007.28 0.0 1007.45 74.0 1008.71
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Table 11. (Continued) Listing of horizontal stations and elevations for cross section PR122A
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1996 1996 1997 1997 1998
17 October 17 October 19 September 19 September 25 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-500  1010.19 59.3  1007.99 -50.0 1010.19 60.0 1008.06 -50.0  1010.19
-200 101027 61.5 100836 -20.0  1010.27 62.0 1008.43 -48.0  1010.18
-18.0  1010.26 64.0 1008.72 -18.0 101026 63.0 1008.62 -46.0 101024
-16.0  1010.07 65.4  1009.00 -16.5 101015 654  1009.00 -445 101019
-153  1009.99 67.0 1008.98 -153  1009.99 67.0 1008.99 -42.8  1009.72
-13.2 1009.03 69.0 1008.94 -141  1009.28 69.0 1008.94 -41.5  1009.70
-11.3  1008.85 70.0 100891 -13.2  1009.02 71.0  1008.87 -39.8  1009.32
-94  1008.67 72.0  1008.81 -11.5  1008.88 73.0 1008.77 -38.9  1009.40
-8.4  1008.67 74.0  1008.72 -9.5  1008.67 744  1008.72 -37.8  1009.38
-7.3  1008.98 754  1008.80 -84 1008.67 755  1008.85 -36.0  1009.24
-6.6  1009.30 769  1009.37 -6.8  1009.19 765 100924 -343  1009.19
-6.5  1009.52 717  1010.12 -6.7  1008.38 77.7  1010.11 -32.5  1009.38
-54  1009.56 78.0  1009.92 -6.3  1008.21 78.1  1009.93 -31.1  1009.48
-53  1008.50 80.0  1009.77 -5.5 1007.96 80.3  1009.74 -30.0  1009.79
-49  1008.36 83.0  1009.77 -44  1007.52 820 1009.80 -29.0 1010.12
-47  1008.60 86.0  1009.72 -2.0 1007.34 85.0 1009.76 -27.0 101021
-44  1008.23 89.0  1009.73 02 1007.21 88.0 1009.67 -240 101021
-3.0  1007.45 92.0 1009.72 1.5 1007.14 90.0 1009.75 -22.0  1010.28
-1.0  1007.38 95.0 1009.68 35 1007.17 92.0 1009.71 -200  1010.26
0.0 1007.21 98.0 1009.76 6.0 1007.09 95.0 1009.69 -18.0 101025
1.0 1007.19 100.0  1009.95 9.0 1007.04 975 1009.72 -17.0  1010.23
3.0 1007.08 101.8  1010.00 12.0  1006.98 100.0 1009.95 -15.4  1010.00
50 1007.12 150  1006.93 100.8  1010.00 -13.4  1009.07
7.0  1007.17 18.0  1006.86 -12.0  1008.96
100 1007.02 21.0  1006.86 -10.0  1008.75
13.0  1006.97 240 1006.92 -8.7  1008.70
160 1006.93 26.0 1006.92 -74 100891
19.0  1006.83 280 1007.04 -7.1  1008.87
220 1006.86 300 1007.12 -7.0  1008.35
25.0 1006.96 324 1007.25 -6.0  1007.99
28.0 1007.02 334 1007.37 -4.5  1007.57
300 1007.10 357 1007.51 -2.3  1007.43
326 1007.24 38.0 1007.55 0.0 100721
350 1007.39 400 1007.62 3.0  1007.17
38.0 1007.53 43.0 1007.68 6.0 1007.09
41.0  1007.63 46.0 1007.79 9.0  1006.99
440 1007.72 49.0 1007.84 12.0  1006.98
47.0 1007.79 52.0 1007.87 150  1006.97
50.0 1007.87 54.0 100791 18.0  1006.89
53.0 1007.95 55.5 1007.93 20.0  1006.86
550 1007.91 572  1007.93 23.0 100691
57.0 1007.94 59.0 1007.89 ’
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Table 11. (Continued) Listing of horizontal stations and elevations for cross section PR122A
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1998

25 September
Sta. Elev.
29.0 1007.07
320 1007.23
35.1 1007.44
38.0 100753
41.0 1007.64
440 1007.74
46.5 1007.83
490 1007.83
520 1007.89
550 1007.93
57.0  1007.95
57.8 1008.02
58.7 1007.98
60.0 1008.12
61.5 1008.37
63.0 1008.63
65.0 1008.91
659 1009.03
68.0  1009.00
70.0  1008.92
72.0 1008.83
743 1008.72
756  1008.90
76.7 1009.39
71.6 1010.09
783 1009.88
80.0 1009.76
83.0 1009.77
86.0 1009.72
89.0 1009.73
920 1009.71
95.0  1009.67
98.0 1009.77
100.0  1009.95
101.7 1010.01
1450 1009.80
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Description of Cross Section PR125

Location: Township 8 South/Range 48 East--section 21
U. S. Geological Survey quadrangle (1:24,000): Moorhead
Landowners--left bank: William and Glenn Gay
--right bank: 3 Bar Ranch
Access: Left bank
Permission from: Gay Ranch
Distance from Moorhead Gaging Station: 8.61 kilometers
Azimuth of Section (degrees magnetic): 84.5

Reference Monuments

[ Monuments -14.3, 0.0 and 5.0 were closest to leveling instrument]

GPS-NADS83 (1992) Measurement
Elevation
Standard Horizontal
Station deviation precision (NGVD1929)
Description (m) Latitude Longitude (m) {m) (m)
Benchmark--brass circular plate -20.0 45°7°06.40" 105°50°17.91”  0.193 0.608 1008.45
1/2-inch-rebar; on fence line, 0.18 meter -143 1008.06
above 1998 ground level
1/2-inch-rebar; about 0.05 meter riverward of 0.0 1008.16
wooden fence post; 0.16 meter above 1998
ground level
1/2-inch-rebar; 0.12 meter above 1998 ground 5.0 . 1008.01
level
1/2-inch-rebar; 0.07 meter above 1998 ground  100.8 1007.41
level
1/2-inch-rebar; probably bent and possibly 105.4 1007.57
covered by sand in 1978; elevation was
measured in 1977
1/2-inch-rebar; 0.23 meter above 1998 ground  117.1  45%7°05.73”  105°50°11.70”  0.363 0.521 1007.84

level
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Figure 27. Upper: Location of cross section PR125, bench mark BM-PR125, and the left and
right bank reference monuments in the Moorhead quadrangle. Lower: Location of the
bench mark on the left bank. MN is magnetic north.
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Figure 28. Profiles of cross section PR125 from 1988 to 1992.
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Figure 29. Profiles of cross section PR125 from 1992 to 1996.
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Table 12. Listing of horizontal stations and elevations for cross section PR125
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1989 1989 1989 1990 1990

17 September 17 September 17 September 14 September 14 September

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-14.5 1007.86 43.0 1005.44 104.0 1007.91 0.0 1008.01 54.0 1004.45
-13.0 1007.82 442 1005.48 105.0 1007.73 1.5 1007.87 56.0 1004.30
-12.0 1007.84 45.5 1005.42 107.0 1007.38 23 1007.72 58.0 1004.23
-10.0 1007.85 46.8 1005.31 109.0 1007.30 3.0 1007.71 60.0 1004.26
-8.0 1007.86 47.6 1005.04 110.0 1007.26 5.0 1007.89 62.0 1004.33
-6.0 1007.88 48.0 1005.02 111.0 1007.30 5.3 1007.86 64.0 1004.23
-4.0 1007.88 50.2 1004.68 113.0 1007.49 6.0 1007.35 66.0 1004.22
20 1007.90 52.5 1004.39 115.0 1007.53 7.0 1007.21 68.0 1004.19
0.0 1007.99 54.0 1004.28 117.1 1007.61 8.3 1007.30 70.0 1004.18
1.0 1007.97 56.0 1004.28 9.0 1006.77 72.0 1004.32
20 1007.78 58.0 1004.20 10.0 1006.45 74.0 1004.39
25 1007.69 60.0 1004.24 11.0 1005.86 76.0 1004.42
3.0 1007.71 62.0 1004.31 12.0 1005.88 78.0 1004.48
40 1007.87 64.0 1004.27 14.0 1005.91 80.0 1004.50
5.0 1007.88 66.0 1004.30 16.0 1005.93 82.0 1004.59
6.0 1007.38 68.0 1004.37 18.0 1005.96 84.0 1004.54
6.6 1007.25 69.0 1004.40 20.0 1006.01 86.0 1004.52
8.0 1007.32 70.1 1004.62 220 1006.09 88.0 1004.49
84 1007.32 71.0 1004.65 24.0 1006.13 90.0 1004.41
9.0 1006.92 73.0 1004.66 26.0 1006.15 91.7 1004.32
10.0 1006.35 75.0 1004.59 28.0 1006.18 92.8 1004.59
10.6 1005.95 76.0 1004.65 30.0 1006.19 939 1004.81
11.0 1005.84 78.0 1004.66 32.0 1006.22 94.9 1005.54
12.0 1005.87 80.0 1004.63 34.0 1006.24 95.0 1005.97
13.0 1005.86 82.0 1004.56 36.0 1006.15 954 1006.27
15.0 1005.90 84.0 1004.53 37.6 1006.06 95.8 1006.78
17.0 1005.94 86.0 1004.46 38.0 1005.94 96.3 1006.87
19.0 1005.97 88.0 1004.41 39.0 1005.76 97.0 1007.04
210 1005.99 90.0 1004.46 40.0 1005.64 98.0 1007.26
23.0 1006.09 92.0 1004.36 41.8 1005.51 99.0 1007.26
250 1006.15 933 1004.67 427 1005.55 100.0 1007.26
27.0 1006.15 94.0 1005.01 43.6 1005.50 100.7 1007.34
29.0 1006.17 94.6 1005.46 4.4 1005.65 100.8 1007.41
31.0 1006.19 95.0 1005.73 453 1005.54 101.0 1007.36
33.0 1006.18 95.1 1006.77 46.0 1005.59 102.0 1007.66
35.0 1006.19 96.0 1006.81 47.0 1005.42 103.0 1007.86
36.0 1006.11 97.0 1007.07 47.6 1005.43 104.0 1007.93
37.0 1006.00 98.0 1007.25 48.5 1004.96 105.0 1007.73
37.7 1005.98 100.0 1007.26 49.0 1004.85 106.3 1007.45
39.0 1005.62 100.8 1007.30 50.6 1004.59 108.0 1007.36
40.0 1005.35 102.0 1007.65 514 1004.47 109.4 1007.22
41.0 1005.31 103.0 1007.87 52.3 1004.24 111.0 1007.31
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Table 12. (Continued) Listing of horizontal stations and elevations for cross section PR125

[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1990 1991 1991 1992 1992
14 September 29 August 29 August 26 August 26 August
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
113.0 1007.50 0.0 1007.99 63.8 1004.49 0.0 1008.00 76.0 1004.47
1150 1007.53 22 1007.74 642 1004.37 1.0 1007.96 78.0 1004.49
117.1 1007.60 32 1007.74 66.0 100441 25 1007.70 80.0 1004.42
40 1007.89 68.0 100446 4.0 1007.88 82.0 1004.39
5.0 1007.90 68.6  1004.55 50 1007.88 84.0 1004.36
53 1007.86 70.0 1004.63 6.3 1007.33 86.0 1004.36
6.3 1007.33 72.0 1004.69 82 1007.33 88.0 1004.33
7.0 1007.23 740 1004.67 9.5 1006.67 90.0 1004.19
8.4 1007.27 76.0 1004.69 11.0  1005.85 90.8 1004.07
9.6 1006.50 78.0 1004.70 13.0 1005.89 92.0 1004.35
10.6 100593 79.2  1004.66 150 1005.92 93.7 1004.64
11.0 1005.86 81.0 1004.47 18.0  1005.96 94.0 1004.75
13.0 1005.88 83.8 1004.35 21.0 1006.04 94.7 1005.08
150 1005.92 845 1004.42 240 1006.14 96.0 1006.03
17.0  1005.96 86.0 1004.49 270 1006.18 96.0 1006.84
20.0 1006.01 88.0 1004.48 30.0 1006.19 97.0 1007.04
22.0 1006.08 90.0 1004.46 33.0 1006.23 98.0 1007.25
24.0 1006.13 92.0 1004.33 350 1006.24 100.0  1007.27
26.0 1006.15 92.7  1004.50 37.0 1006.10 100.8 1007.35
28.0 1006.18 944  1004.92 39.0 1005.86 102.0 1007.63
30.0 1006.20 96.0 1005.99 402  1005.94 103.0 1007.87
32.0 100621 96.1 1006.81 415 1005.82 104.0 1007.92
340 1006.23 97.0 1007.04 43.0 1005.71 105.0 1007.72
35.0 1006.23 98.0 1007.34 450 1005.72 107.0 1007.39
36.0 1006.17 100.0  1007.26 470 1005.65 1094  1007.23
37.0 1006.09 100.8  1007.39 47.6  1005.49 1114  1007.31
38.0 1006.03 103.0 1007.88 48.1 1005.17 114.0 1007.52
393 1005.84 1040 100791 484  1004.90 117.1 1007.61
403 1005.95 105.0 1007.72 490 1004.77
415 1005.79 106.0  1007.50 502  1004.66
435 1005.64 108.0  1007.37 520 100444
44.8 1005.69 1100  1007.27 538 100435
46.0 1005.61 1120 1007.38 560 1004.37
47.6 1005.45 115.0  1007.56 580 1004.44
48.3 1004.94 117.1 1007.62 60.0 1004.46
50.0 1004.71 62.0 1004.46
51.2 1004.52 640 1004.49
53.0 1004.38 67.2  1004.48
55.0 1004.40 68.0 1004.36
58.0 1004.42 70.0 1004.38
60.0 1004.47 72.0 100444
62.0 1004.50 74.0 100445
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Table 12. (Continued) Listing of horizontal stations and elevations for cross section PR125
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1993 1993 1994 1994 1995
26 August 26 August 25 September 25 September 24 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
0.0 1008.00 56.0 100437 0.0 1008.02 65.0 1004.27 -14.5 1007.87
1.0 1007.96 580 100434 1.0 1007.97 68.0 1004.34 0.0 1008.00
2.5 1007.71 60.0  1004.30 3.0 1007.71 71.0 1004.39 3.0 1007.71
40 1007.89 61.0 1004.41 40 1007.90 740 1004.35 50 1007.88
50 1007.89 63.0 100444 50 1007.88 770 100437 7.0 1007.26
65 1007.29 65.0 1004.54 6.7 1007.25 80.0 1004.35 83  1007.33
73  1007.24 67.0 1004.54 7.1 1007.24 83.0 100443 11.0  1006.05
8.3 1007.28 69.0 1004.54 84 1007.37 86.0 100441 12.0  1006.07
10.9 1005.89 71.0  1004.54 11.0 1005.95 89.0 100441 14.0 1006.15
120  1005.94 73.0  1004.55 120 1005.94 90.0 100440 160  1006.15
140  1005.99 75.0 100453 13.0 100595 91.0 1004.23 18.0  1006.22
160  1005.97 770  1004.58 15.0 1005.99 93.0 1004.53 20.0 1006.34
180  1006.03 79.0 1004.54 18.0 1006.06 95.6  1004.85 22.0 100645
200 1006.07 81.0  1004.50 21.0 1006.13 96.3  1005.25 24.0 100647
220 1006.14 83.0 100447 240 1006.23 96.5 1005.68 25.0 1006.56
240 1006.19 85.0 1004.38 27.0 1006.26 97.0 1006.07 260 1006.45
260  1006.23 87.0 1004.22 29.0 1006.27 97.1 1006.99 27.0 1006.38
280  1006.24 89.0 1004.22 300 1006.30 974  1007.17 29.0 1006.38
300 1006.25 91.0 1004.15 310 1006.35 99.0 1007.28 30.0 1006.55
320 1006.32 92.0 1004.40 32.0 100636 100.8 1007.37 31.0 100647
340 100631 93.0 1004.54 340 1006.33 102.0  1007.60 320 1006.50
360 1006.36 94.7  1004.65 36.0 1006.38 104.0 100791 340 1006.49
37.0 1006.34 95.4  1004.82 37.0 1006.36 105.0 1007.74 350 1006.55
38.0 100636 96.2  1005.32 39.0 1006.35 106.5 1007.46 36.0 1006.57
395 1006.36 96.3 1005.56 41.0 1006.18 108.0 1007.37 370 1006.53
403  1006.26 97.0 100593 420 1006.02 110.0  1007.27 38.0 1006.52
414 1006.14 97.1 1007.05 426 1006.09 1120  1007.38 39.0 1006.48
420 1006.00 98.0 1007.29 437  1005.96 115.0 1007.53 404  1006.39
425 1006.07 100.0  1007.28 444 1005.93 117.1 1007.62 41.1 1006.40
43.6  1005.96 100.8 1007.37 447  1005.96 43.0 100620
440 100593 101.4  1007.40 46.0 1005.86 445  1006.04
4.6 100595 103.0 1007.86 464  1005.87 46.0 1005.95
455 1005.84 104.0 1007.92 47.0 1005.72 47.4  1005.56
46.3 1005.87 105.0 1007.74 47.7 1005.51 48.5 1004.86
468 1005.79 107.0  1007.39 484  1005.00 490 1004.78
47.1 1005.58 110.0 1007.28 494  1004.73 52.5 100436
47.8 1005.36 112.0 1007.39 50.8 1004.58 540 1004.33
483  1005.00 115.0  1007.32 520 1004.54 56.0 1004.35
490 1004.82 117.1 1007.61 540 1004.36 ’ 580 1004.45
50.0 1004.70 57.0 1004.25 60.0 1004.55
520 100445 60.0° 1004.23 62.0 1004.50
540 1004.33 620 100427 640 1004.45
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Table 12. (Continued) Listing of horizontal stations and elevations for cross section PR125
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1995 1996 1996 1997 1997
24 September 17 October 17 October 18 September 18 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
66.0 1004.55 0.0  1008.00 66.0 1004.53 0.0 1008.00 94.0 1004.14
68.0  1004.60 1.0 1007.97 68.5 1004.64 25  1007.71 96.0 1004.36
70.0 1004.61 25 1007.71 71.0  1004.60 4.0 1007.90 97.0 1004.66
72.0 1004.60 40 1007.89 740 1004.54 5.0 1007.88 99.5 1006.14
74.0 1004.59 5.0 1007.88 77.0 1004.46 7.0 1007.24 99.5 1007.24
760 1004.53 7.0 1007.25 80.0 1004.35 82 1007.34 100.6 1007.35
78.0 1004.53 8.0 1007.35 83.0 1004.43 11.0  1006.07 101.5 1007.49
80.0  1004.65 83 1007.31 855 1004.38 12.0  1006.08 103.0 1007.87
820 1004.61 10.8  1006.07 87.0 1004.15 140  1006.16 104.0 1007.91
840 1004.62 120  1006.08 90.0 1004.14 16.0  1006.16 107.0  1007.38
860  1004.57 150 1006.16 925 1004.21 180  1006.23 110.0  1007.29
88.0  1004.29 17.0  1006.23 940 1004.12 200 100634 112.0  1007.39
90.0 1004.19 19.0  1006.29 96.0 1004.35 220 1006.46 115.0  1007.53
920 1004.31 21.0 1006.40 97.0 1004.66 240 1006.49 1171 1007.60
94.0 1004.54 23.0 1006.50 99.0 1005.98 260 100645
95.0 1004.64 25.0 1006.58 99.2  1007.27 28.0 1006.41
953  1004.77 27.0 100641 100.8  1007.36 300 1006.58
96.0 1005.08 29.0 1006.41 102.0 1007.61 320 1006.54
96.5 1005.13 300 1006.59 103.5  1007.91 340 1006.52
983 1006.32 31.0 1006.54 105.0 1007.71 360 1006.59
98.4 1007.26 320 1006.54 107.0  1007.39 380 1006.55
100.0 1007.26 340 1006.51 110.0  1007.27 400 1006.50
100.8 1007.37 36.0  1006.56 113.0 1007.50 420 100631
1020 1007.62 37.0 1006.51 117.1 1007.61 440 1006.09
104.0 1007.92 38.0 1006.58 460 1005.90
1060 1007.51 39.0 1006.55 471 1005.66
108.0  1007.37 40.0 100647 48.0 1005.01
1100  1007.27 42.0 1006.31 494  1004.66
113.5 1007.30 43.0 1006.23 525 1004.36
1171 1007.61 440 1006.07 550 100426
455 1005.95 58.0 1004.25
46.8 1005.76 61.0 100434
478 1005.28 64.0 100436
48.0  1005.03 67.0 100441
483 1004.84 70.0 1004.48
49.2  1004.67 73.0  1004.51
50.0 1004.57 76.0 1004.52
520 1004.42 790 1004438
540 1004.32 820 1004.44
57.0 1004.34 85.0 100432
60.0 1004.35 88.0 1004.14
63.0 1004.42 91.0 1004.15
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Table 12. (Continued) Listing of horizontal stations and elevations for cross section PR125
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1998 1998

22 September 22 September
Sta. Elev. Sta. Elev.
0.0 1008.00 69.0 1004.46
2.7 1007.71 71.0  1004.43
4.0 1007.89 73.0 1004.41
50 1007.88 750  1004.41
6.2 1007.36 77.0 1004.39
7.3 1007.24 79.0 1004.39
8.1 1007.37 81.0 1004.38
10.8 1006.07 83.0 1004.36
11.6 1006.07 85.0 1004.34
13.0  1006.12 87.0 1004.34
15.0 1006.16 89.0 1004.33
170  1006.22 91.0 1004.30
19.0 1006.29 93.0 1004.25
210 1006.41 95.0 1004.22
23.0 1006.47 96.0 1004.39
25.0 1006.56 97.3 1004.81
270 1006.40 994 1005.77
290 1006.42 99.6  1006.04
31.0 1006.53 99.6 1007.23
330 1006.51 100.7 1007.34
350 1006.53 103.0  1007.87
37.0 1006.58 104.0 1007.90
38.0 1006.55 106.3 1007.46
40.0 1006.50 108.0 1007.35
410 1006.38 110.0 1007.27
430 1006.25 112.0 1007.36
440 1006.10 114.0 1007.52
45.0 1006.04 116.0 1007.58
47.0 1005.70 117.1 1007.61
474  1005.48
47.8 1005.38
48.0 1004.96
48.8 1004 .81
50.5 1004.55
53.0 1004.37
55.0 1004.33
57.0 1004.34
59.0 1004.35
61.0 1004.41
63.0 1004 .45
650 1004.49
67.0 1004.50
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Description of Cross Section PR130

Location: Township 8 South/Range 48 East--section 14
U. S. Geological Survey quadrangle (1:24,000): Bloom Creek
Landowners--left bank: Gay Ranch
--right bank: Bowers Ranch
Access: Left bank
Permission from: Gay Ranch
Distance from Moorhead Gaging Station: 13.92 kilometers
Azimuth of Section (degrees magnetic): 075

Reference Monuments

[Monuments at stations -1.1 and 0.0 were closest to leveling instrument]

GPS-NADS83 (1992) Measurement
Elevation
Standard Horizontal
Station deviation precision (NGVD1929)
Description (m) Latitude Longitude (m) (m) (m)
Benchmark--brass circular plate -53.0  45°08°23.46”  105°48'39.01”  0.554 0.922 1002.67
1/2-inch-rebar; bent flat at 1998 ground level ~ _1.1  45°08°23.52” 105°48°36.61”  0.384 0.690 1002.69
1/2-inch-rebar; bent flat at 1998 ground level 0.0 1002.67
1/2-inch-rebar; 0.02 meter above 1998 ground  101.9 1000.64
level
1/2-inch-rebar; 0.01 meter above 1987 ground  108.4 1000.92
level; could not find in 1998
1/2-inch-rebar; 0.20 meter above 1998 ground  110.6  45°08°23.65” 105°48’31.52”  0.364 1.064 1001.92
level
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Figure 31. Upper: Location of cross section PR130, bench mark BM-PR130, and the left and
right bank reference monuments in the Bloom Creek quadrangle. Lower: Location of the
bench mark on the left bank. MN is magnetic north.
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ELEVATION, IN METERS ABOVE SEA LEVEL
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Figure 32. Profiles of cross section PR130 from 1988 to 1992.
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ELEVATION, IN METERS ABOVE SEA LEVEL
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Figure 33. Profiles of cross section PR130 from 1992 to 1996.
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ELEVATION, IN METERS ABOVE SEA LEVEL
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Figure 34. Profiles of cross section PR130 from 1996 to 1998.
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Table 13. Listing of horizontal stations and elevations for cross section PR130
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1989 1989 1990 1990 1991
17 September 17 September 15 September 15 September 28 August
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-1.1 1002.67 63.2 999.02 -1.1 1002.67 51.0 998.45 -1.1 1002.67
0.0 1002.65 64.4 999.04 0.0 1002.65 53.0 998.48 0.0 1002.65
2.0 1002.61 66.0 998.99 1.0 1002.61 55.0 998.57 2.0 1002.61
4.0 1002.43 68.0 999.14 3.0 1002.51 57.0 998.62 4.0 1002.44
5.0 1002.53 69.0 999.26 40 1002.44 57.7 998.68 5.0 1002.51
6.4 1002.82 70.0 999.41 5.0 1002.53 59.5 998.74 6.0 1002.69
7.6 1002.84 71.0 999.66 64 1002.80 60.3 998.83 7.0 1002.85
8.1 1002.76 72.0 999.76 7.0 1002.85 61.7 998.92 7.8 1002.83
83 1002.21 73.0 999.83 80 100281 62.5 998.90 8.3 1002.19
8.4 1001.30 74.4 1000.02 8.5 1002.16 64.2 998.98 8.4 1001.22
10.0 1000.38 74.5 1000.11 8.6 1001.18 65.0 999.16 94 1000.63
11.0 1000.20 76.0 1000.01 95 1000.64 65.3 999 42 10.2 1000.46
12.0 999.24 78.0 1000.01 10.6 1000.30 66.1 99951 11.5 999.97
124 999.03 80.0 999,93 11.0 1000.24 67.0 999.50 125 999.06
133 998.89 82.0 999.88 114 999.94 69.0 999.53 134 998.83
13.5 998.78 84.0 999.87 122~ 999.68 70.0 999.53 15.2 998.62
150 998.64 86.0 999.87 123 999.51 714 999.75 16.0 998.53
17.0 998.58 88.0 999.89 13.1 998.87 73.0 999.86 17.5 998.65
190 998.68 90.0 999.92 13.8 998.75 75.0 1000.11 19.0 998.66
21.0 998.54 92.0 999.94 16.0 998.49 76.0 1000.03 209 998.37
23.0 998.57 94.0 1000.06 17.8 998.61 78.0 1000.02 21.8 998.57
25.0 998.68 95.0 1000.13 19.2 998.64 80.0 999.96 230 098.59
27.0 998.74 97.0 1000.30 20.8 998.48 82.0 999.95 26.0 0998.64
29.0 998.61 99.0 1000.35 220 998.55 84.0 999.90 29.0 998.69
31.0 998.62 100.0 1000.46 243 998.62 86.0 999.89 32.0 998.72
33.0 998.70 101.9 1000.59 24.6 998.66 88.0 99991 33.0 998.73
35.0 998.71 104.0 1000.72 26.0 998.70 90.0 99991 348 998.67
37.0 998.67 105.0 1000.83 28.0 998.69 92.0 999 96 38.0 998.55
39.0 998.65 106.0 1000.96 30.0 998.71 04.0 1000.06 382 998.65
40.0 998.64 107.0 1001.05 32.0 998.71 96.0 1000.28 40.8 998.62
41.0 998.44 108.5 1001.00 34.0 998.67 98.0 1000.31 42.4 998.58
43.0 998.48 109.9 1001.66 345 998.54 100.0 1000.44 44.0 998.49
450 998.42 110.6 1001.74 354 998.57 101.8 1000.60 46.0 998.42
47.0 998.39 36.2 998.70 101.9 1000.64 48.0 998.31
49.0 998.40 38.0 998.73 104.0 1000.73 50.0 998.41
51.0 998.39 40.0 998.68 105.0 1000.82 52.0 998.45
53.0 998.46 41.0 998.61 107.0 1001.05 54.0 998.49
55.0 998.53 42,0 998.64 108.0 1001.07 56.0 998.53
57.0 998.58 43.0 998.59 108.5 1001.00 57.0 998.58
58.9 998.78 45.0 998.51 110.0 1001.68 59.0 998.74
60.0 998.83 47.0 998.46 110.6 1001.75 61.0 998.87
62.0 998.95 49.0 998.46 63.0 998.91
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Table 13. (Continued) Listing of horizontal stations and elevations for cross section PR130

[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1991 1992 1992 1993 1993
28 August 26 August 26 August 27 August 27 August
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
65.6 999.15 0.0 1002.65 65.5 999.50 -12 1002.68 60.6 998.84
66.1 999.52 2.0 1002.61 65.7 999.56 0.0  1002.65 61.4 998.88
68.6 999.89 3.0 100251 63.0 999.81 20 1002.61 61.8 998.91
69.8 999.79 40 1002.44 69.0 999.89 3.0 1002.52 62.8 998.91
71.0 999.79 5.5  1002.57 71.0 999.82 40 1002.44 63.3 998.99
73.0 999.88 7.0  1002.85 73.0 999.90 54  1002.55 64.3 999.34
74.0 999.98 7.9 1002.80 74.0 999.99 6.6 1002.83 64.8 999.40
75.0  1000.10 83 1002.28 75.0 1000.12 79  1002.81 65.0  999.49
770  1000.05 84 1001.29 76.0  1000.02 84 1002.23 66.0 999.99
780  1000.02 9.7  1000.59 78.0  1000.02 8.5 1001.24 66.5 1000.12
80.0 999.96 104 100042 80.0 999.96 9.7  1000.60 67.4  1000.25
82.0 999.92 11.5  1000.15 82.0 999.93 103 1000.51 69.0  1000.17
84.0 999.91 13.0 998.90 84.0 999.92 10.8  1000.52 70.0  1000.03
86.0 999.90 13.5 998.79 86.0 999.90 113 1000.20 71.0  1000.01
88.0 999.92 14.5 998.64 83.0 999.91 12.0 999.60 73.0  1000.00
90.0 999.94 16.0 998.48 90.0 999.95 12.5 999.06 74.0  1000.06
92.0 999.97 18.0 998.69 92.0 999.97 14.0 998.87 75.0  1000.16
935  1000.03 20.0 998.50 94.0  1000.08 14.6 998.62 76.0  1000.08
95.0 1000.16 21.0 998.41 96.0 1000.32 16.0 998.52 78.0  1000.08
97.0 100031 224 998.63 98.0  1000.32 18.0 998.69 80.0  1000.02
99.0 100035 25.0 998.71 100.0 100048 20.0 998.50 82.0  1000.00
101.0  1000.52 27.0 998.77 101.9  1000.60 21.0 998.32 84.0 999.96
102.0  1000.60 28.8 998.75 1040  1000.72 220 998.43 86.0 999.96
1040  1000.71 29.0 998.72 106.0  1001.01 24.0 998.46 88.0 999.94
106.0  1000.99 32.0 998.75 1070  1001.07 26.0 998.52 90.0 999.98
108.0  1001.07 34.0 998.62 108.4  1001.02 28.0 998.64 92.0  1000.00
1106  1001.72 36.0 998.61 1106  1001.73 30.0 998.74 94.0  1000.10
38.0 998.69 32.0 998.72 95.0 1000.18
40.0 998.63 34.0 998.69 95.4  1000.24
420 998.56 36.0 998.61 96.0 100031
440 998.47 38.0 998.60 98.0  1000.32
46.0 998.47 40.0 998.64 100.0  1000.46
48.0 998.42 42.0 998.60 101.9  1000.60
50.0 998.40 440 998.64 103.0  1000.68
52.0 998.43 46.0 998.56 104.6  1000.78
54.0 998.48 48.0 998.52 1060  1001.00
56.0 998.54 50.0 998.38 108.0  1001.05
58.0 998.66 52.0 998.42 108.5 1001.04
60.0 998.78 54.0 998.51 109.6  1001.64
62.0 998.88 56.0 998.57 110.6  1001.73
63.7 998.96 58.0 998.68
64.8 999.41 60.0 998.85
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Table 13. (Continued) Listing of horizontal stations and elevations for cross section PR130
{Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1994 1994 1995 1995 1996

25 September 25 September 24 September 24 September 17 October

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-1.1 1002.67 66.0 999.99 -1.2 1002.65 80.0 1000.36 -1.2 1002.66
0.0 1002.64 67.0 1000.19 0.0 1002.65 82.0 1000.36 0.0 1002.65
2.0 1002.59 68.0 1000.25 2.0 1002.59 84.0 1000.20 2.0 1002.58
32 1002.44 70.0 1000.06 40 1002.44 86.0 1000.14 4.0 1002.44
5.0 1002.51 72.0 1000.03 6.0 1002.70 88.0 1000.12 5.5 1002.58
6.5 1002.81 73.5 1000.05 7.0 1002.85 . 90.0 1000.12 7.0 1002.85
78 1002.81 74.7 -1000.20 7.8 1002.80 92.0 1000.09 7.8 1002.81
8.1 1001.82 754 1000.11 8.3 1002.28 94.0 1000.18 8.0 1002.46
84 1001.16 77.0 1000.14 8.3 1001.27 96.0 1000.34 8.3 1001.23
10.0  1000.64 78.0 1000.10 9.3 1000.85 98.0 1000.37 9.5 1000.88
11.2 1000.31 80.0 1000.04 10.3 1000.76 100.0 1000.48 103 1000.77
11.7 999.67 82.5 1000.00 12.1 999.25 101.9 1000.61 11.8 999.38
129 998.94 85.0 999.97 12.7 998.85 104.0 1000.74 12.1 999.29
13.7 998.76 88.0 999.97 15.5 998.52 106.0 1000.99 12.7 998.85
14.8 998.65 91.0 1000.01 177 998.66 108.5 1001.03 13.0 998.76
16.0 998.51 93.0 1000.03 20.0 998.41 110.6 1001.72 15.0 998.60
18.0 998.65 95.0 1000.19 230 998.59 16.0 998.49
19.0 998.66 98.0 1000.32 26.0 998.67 17.7 998.65
205 998.33 100.0 1000.47 29.0 998.74 19.0 998.30
220 998.52 101.9 1000.60 320 998.61 21.0 998.47
240 998.54 104.0 1000.73 35.0 998.66 24.0 998.59
26.0 998.57 106.0 1001.00 38.0 998.68 27.0 998.68
28.0 998.66 107.0 1001.06 41.0 998.55 29.0 998.71
30.0 998.72 108.5 1001.07 4.0 998.43 29.5 998.62
320 998.73 109.5 1001.58 47.0 998.48 320 998.56
337 998.75 110.6 1001.73 50.0 998.46 33.0 998.66
352 998.66 53.0 998.44 36.0 998.65
38.0 998.62 56.0 998.50 39.0 998.57
41.0 998.51 59.0 998.72 42.0 998.50
44.0 998.43 60.7 998.85 45.0 998.42
470 99839 632  998.95 ' 480  998.40
50.0 998.39 64.5 999.51 51.0 998.41
53.0 998.44 66.0 1000.05 54.0 998.50
55.0 998.54 67.0 1000.22 57.0 998.57
57.0 998.67 67.3 1000.38 59.5 998.76
60.0 998.80 68.2 1000.37 61.0 998.84
62.0 998.93 69.5 1000.30 63.0 998.94
62.5 998.91 71.0 1000.48 63.5 999.14
64.0 999.32 72.2 1000.67 64.5 999.68
64.1 999.46 74.0 1000.65 65.2 999.78
64.3 999 48 76.0 1000.58 66.2 1000.07
65.2 999.70 78.0 1000.48 68.0 1000.29
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Table 13. (Continued) Listing of horizontal stations and elevations for cross section PR130
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1996 1997 1997 1998 1998
17 October 19 September 19 September 22 September 22 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.

69.0  1000.29 -1.2 1002.66 80.0 100038 -1.1 1002.65 700 100038
70.0  1000.41 0.0 1002.65 82.0 1000.35 0.0 1002.64 72.0  1000.59
71.0 1000.49 2.0 1002.59 84.0 1000.20 20 1002.59 73.0  1000.65
72.5  1000.63 40 1002.44 86.0 1000.16 40 100243 74.0  1000.64
74.0  1000.63 55 1002.60 88.0  1000.12 6.0 1002.70 76.0 100058
76.0 100057 6.7 1002.83 90.0 1000.09 7.7  1002.83 78.0  1000.49
79.0 1000.44 7.7  1002.83 93.0  1000.11 80 1002.13 80.0 1000.37
82.0  1000.34 79  1002.41 96.0 100035 8.1 1001.46 82.0 100034
83.0  1000.31 8.1 1001.59 98.0  1000.38 99  1000.82 84.0 1000.21
84.0  1000.20 84 1001.28 100.0  1000.49 104  1000.74 86.0  1000.16
86.0  1000.15 9.7 1000.87 1019  1000.62 10.9 999.76 88.0  1000.13
88.0  1000.12 104  1000.76 105.0  1000.85 11.8 999.08 90.0  1000.09
90.0  1000.10 11.1 999.77 107.0  1001.08 12.5 998.87 92.0 1000.08
92.0  1000.09 12.3 998.94 108.5 1001.06 15.5 998.52 940 1000.18
940 1000.19 13.3 998.75 1095  1001.57 17.3 998.57 96.0  1000.36
96.0  1000.35 16.0 998.51 1166  1001.73 19.5 998.17 98.0 1000.37
970 100038 18.0 998.56 80.0  1000.38 220 998.34 100.0  1000.50
99.0 1000.42 200 998.32 82.0 100035 24.0 998.34 101.9  1000.61
1019  1000.61 23.0 998.38 84.0  1000.20 26.0 998.54 103.3  1000.69
1040  1000.78 26.0 998.52 86.0 1000.16 28.0 998.72 105.0  1000.85
1050  1000.84 29.0 998.56 88.0 1000.12 30.0 998.71 107.0  1001.07
107.0  1001.08 32.0 998.53 90.0 1000.09 32.0 998.68 1084  1001.01
108.6  1001.12 35.0 998.55 93.0 1000.11 34.0 998.61 109.4  1001.56
1106  1001.73 38.0 998.42 96.0 1000.35 36.0 998.62 1106  1001.73

41.0 998.41 98.0  1000.38 38.0 998.55

440 998.37 100.0  1000.49 40.0 998.47

47.0 998.44 101.9  1000.62 420 998.41

50.0 998.44 105.0  1000.85 44.0 998.40

53.0 998.47 107.0  1001.08 46.0 998.44

56.0 998.56 108.5  1001.06 48.0 998.42

59.2 998.74 109.5  1001.57 50.0 998.43

62.2 998.87 1106  1001.73 52.0 998.43

63.2 998.98 54.0 998.48

63.8 999.15 56.0 998.56

65.0 999.83 58.0 998.65

66.0 999.99 60.0 998.79

68.0  1000.30 61.6 998.85

70.0  1000.39 62.8 998.95

72.0  1000.59 63.8 999.26

74.0  1000.64 64.4 999.63

76.0  1000.57 65.5 999.92

78.0  1000.50 68.0 1000.32
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Description of Cross Section PR136

Location: Township 8 South/Range 49 East--section 6
U. S. Geological Survey quadrangle (1:24,000): Bloom Creek
Landowners--left bank: Gay Ranch
--right bank: Bowers Ranch
Access: Left bank
Permission from: Gay Ranch
Distance from Moorhead Gaging Station: 20.19 kilometers
Azimuth of Section (degrees magnetic): 129

Reference Monuments

[Monuments at stations -20.0, -1.5, and 0.0 were closest to leveling instrument]

GPS-NAD83 (1992) Measurement
Elevation
Standard Horizontal
Station deviation precision (NGVD1929)
Description (m) Latitude Longitude (m) (m) (m)
1/2-inch-rebar; bent nearly flat with 1998 825 994.18
ground level, 0.13 meter long
Benchmark--brass circular plate 326 45°10°05.91”  105°46'26.89”  0.283 0.433 994.30
1/2-inch-rebar; 0.19 meter above 1998 ground  _20.0 994.50
level
1/2-inch-rebar; 0.18 meter above 1998 ground -15 994.72
level
1/2-inch-rebar; 0.01 meter below 1998 ground -15 994.53
level; about 0.02 meter upstream and land-
ward from the other monument at -1.5
1/2-inch-rebar; at 1998 ground level 0.0 994.59
1/2-inch-rebar; 0.03 meter above 1998 ground 1120 994.45
level; about 35 meters upstream from a
large solitary cottonwood tree at the edge
of the right bank
1/2-inch-rebar; 0.16 meter above 1998 ground 1150  45°10°02.15” 105°46'22.71"  0.255 0.645 994.80

level; about 35 meters upstream from a
large solitary cottonwood tree at the edge
of the right bank
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Figure 35. Upper: Location of cross section PR136, bench mark BM-PR136, and the left and
right bank reference monuments in the Bloom Creek quadrangle. Lower: Location of the
bench mark on the left bank. MN is magnetic north.
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ELEVATION, IN METERS ABOVE SEA LEVEL
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Figure 36. Profiles of cross section PR136 from 1988 to 1992.

99



ELEVATION, IN METERS ABOVE SEA LEVEL
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Figure 37. Profiles of cross section PR136 from 1992 to 1996.
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ELEVATION, IN METERS ABOVE SEA LEVEL
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Figure 38. Profiles of cross section PR136 from 1996 to 1998.

101



Table 14. Listing of horizontal stations and elevations for cross section PR136
{Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1989 1989 1989 1990 1990

18 September 18 September 18 September 15 September 15 September

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-1.5 994.52 58.0 992.64 111.0 99421 -1.5 994.52 49.6 992.71
0.0 994.59 60.0 992.69 112.0 994.39 0.0 994.60 50.0 992.68
20 994.62 62.0 992.72 113.0 994.50 1.0 994.63 51.0 992.73
4.0 994.60 64.0 992.61 115.0 994.64 3.0 994.60 52.0 992.76
6.0 994.55 66.0 992.64 116.6 99448 5.0 994.56 53.0 992.73
7.0 994.40 68.0 992.67 118.0 994.64 7.0 994 .41 55.0 992.69
8.0 994.14 70.0 992.67 120.0 994.53 8.0 994.16 57.0 992.67
8.4 994.01 72.0 992.59 85 993.94 59.0 992.70
9.0 993.76 74.0 992.66 9.0 993.79 61.0 992.70
10.0 992.77 76.0 992.70 9.4 993.30 63.0 992.67
11.0 99222 78.0 992.78 10.2 992.55 65.0 992.67
11.5 992.03 79.5 992.70 11.6 991.86 67.0 992.71
11.7 991.87 81.0 992.64 11.7 991.51 69.0 992.73
11.8 991.39 81.3 992.57 11.8 991.33 71.0 992.62
123 991.24 82.5 992.56 12.0 991.35 73.0 992.64
14.0 991.27 83.0 992.48 14.0 991.42 75.0 992.73
16.0 991.15 83.5 99231 16.0 991.42 77.0 992.77
18.0 991.20 85.0 992.24 18.0 991.38 79.0 992.73
20.0 991.24 86.0 992.24 203 991.36 81.0 992.68
22.0 991.32 86.6 992.19 215 991.09 83.0 992.55
24.0 991.35 87.2 991.71 23.0 991.13 84.0 992.38
26.0 991.46 875 991.69 25.0 991.25 86.0 992.33
28.0 991.41 87.7 991.57 26.8 991.41 87.0 992.05
30.0 991.37 88.5 991.61 274 991.54 87.4 991.74
320 991.35 90.0 991.56 28.0 991.58 87.7 991.55
340 991.32 91.5 991.53 30.0 991.59 88.0 991.41
36.0 991.32 94.0 991.59 320 991.56 90.0 991.43
38.0 991.33 95.2 991.66 324 991.53 92.0 991.49
40.0 991.30 96.7 991.54 33.0 991.51 94.0 991.48
420 991.33 98.0 991.43 34.0 991.44 96.0 991.48
440 991.37 100.0 991.43 36.0 991.37 98.0 99147
45.0 991.32 102.0 991.48 38.0 991.29 100.0 991.50
455 991.36 103.3 991.46 40.0 991.29 101.3 991.48
46.5 991.55 104.0 991.44 41.0 991.33 101.7 991.37
470 991.76 104.5 991.53 420 991.34 103.4 991.32
472 992.00 104.7 991.73 44.0 991.31 104.1 991.54
48.0 992.40 105.4 991.76 45.2 991.33 1042 991.61
49.0 992.55 106.4 992.60 46.8 991.56 1054 991.80
50.0 992.60 106.6 993.28 47.0 991.61 106.1 992.21
52.0 992.75 107.0 993.46 471 992.02 106.5 992.78
54.0 992.67 108.0 993.76 48.0 992.56 106.6 993.28
56.0 992.60 110.0 994.18 489 992.81 107.0 993.50
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Table 14. (Continued) Listing of horizontal stations and elevations for cross section PR136
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1990 1991 1991 1992 1992
15 September 29 August 29 August 26 August 26 August
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
108.0 993.77 -1.5 994.53 62.0 992.68 -1.5 994.53 60.0 992.72
110.0 994.15 0.0 994.58 64.0 992.62 0.0 994.59 62.0 992.72
111.0 994.21 2.0 994.63 66.0 992.65 2.0 994 .63 640 992.66
1120 994.39 4.0 994.60 68.0 992.71 4.0 994.60 66.0 992.67
113.0 994.50 6.0 994.54 70.0 992.70 6.0 994.56 68.0 992.71
115.0 994.65 74 994.37 72.0 992.61 74 994.37 70.0 992.71
85 993.94 74.0 992.70 84 993.99 72.0 992.62
9.0 993.80 76.0 992.71 8.7 993.90 74.0 992.70
95 993.30 78.0 992.79 9.2 993.47 76.0 992.73
10.1 992.55 80.0 992.74 9.5 993.56 78.0 992.81
11.1 992.11 81.0 992.66 10.0 992.86 80.0 992.77
112 991.56 82.0 992.61 10.5 992.32 82.0 992.63
115 991.41 83.3 992.50 11.0 991.69 84.0 992.51
12.1 991.31 84.0 992.49 114 991.61 85.3 992.56
13.0 991.23 85.6 992.53 122 991.27 86.1 992.49
14.0 991.23 86.8 992.07 14.0 991.29 86.6 992.35
15.7 991.03 87.0 991.63 16.0 991.36 87.0 992.06
17.4 991.21 88.0 991.58 18.0 991.40 87.2 991.67
18.7 991.16 90.0 991.58 20.0 99141 87.5 991.52
19.1 991.34 91.2 991.54 220 991.42 88.0 991.64
21.0 991.32 932 991.64 240 991.44 90.0 991.65
24.0 991.34 942 991.46 26.0 991.46 92.0 991.72
27.0 991.38 96.0 991.47 28.0 991.39 94.0 991.74
30.0 991.40 98.0 991.45 300 991.41 96.0 991.70
32.0 991.36 100.0 991.49 320 991.43 98.0 991.71
338 991.29 102.0 991.50 34.0 991.37 100.0 991.74
36.0 991.22 103.0 991.53 36.0 991.20 102.0 991.80
37.8 991.17 105.0 991.62 38.0 991.16 104.0 991.96
39.0 991.21 105.3 991.60 40.0 991.26 105.0 991.98
41.0 991.34 1054 991.86 42.0 991.31 106.0 992.34
43.6 991.44 106.5 991.61 44.0 991.35 106.3 993.42
45.0 991.34 106.6 993.26 46.0 991.41 106.5 992.75
47.0 991.73 108.0 993.76 47.0 991.60 106.6 993.17
472 992.26 110.0 994.17 472 992.17 107.0 993.39
48.0 992.60 111.0 994.20 47.5 992.40 107.0 993.15
489 992.78 112.0 994.41 48.0 992.50 107.2 993.52
50.0 992.70 114.0 994.60 49.0 992.79 108.0 993.74
52.0 992.76 115.0 994.64 50.0 992.70 110.0 994.14
54.0 992.68 52.0 992.77 112.0 994.40
56.0 992.64 54.0 992.69 115.0 994.65
58.0 992.67 56.0 992.66
60.0 992.71 58.0 992.67
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Table 14. (Continued) Listing of horizontal stations and elevations for cross section PR136

[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1993 1993 1993 1994 1994

27 August 27 August 27 August 23 September 23 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-15 994.53 53.5 993.08 106.6 992.86 -15 994.55 63.0 992.81

0.0 994.59 54.8 993.05 106.8 992.57 0.0 99458 65.0 992.78

2.0 994.62 56.3 992.83 107.0 99291 10 994.67 67.0 992.81

4.0 994.59 58.0 992.78 107.3 993.55 3.0 994.61 69.0 992.84

6.0 994.56 60.0 992.80 108.0 993.75 5.0 994.58 71.0 992.74

7.5 994.32 62.0 992.78 110.0 994.13 6.5 994 49 73.0 992.79

8.5 993.99 64.0 992.71 112.0 994.41 73 994.38 75.0 992.87

92 993.49 66.0 992.72 113.5 994.54 8.1 994.08 76.0 992.81

9.9 992.37 68.0 992.75 115.0 994.65 8.3 993.51 78.0 99291
10.1 992.14 70.0 992.76 8.5 992.97 80.0 992.87
10.5 991.97 72.0 992.67 93 992.53 82.0 992.85
11.0 991.70 74.0 992.74 10.1 992.34 84.0 992.82
115 991.40 76.0 992.77 10.5 991.62 85.0 992.75
12.3 991.28 78.0 992.86 112 99147 86.0 992.61
14.0 991.28 80.0 992.83 13.0 991.31 86.8 992.14
16.0 991.25 81.0 992.82 15.0 991.17 87.1 992.09
18.0 991.32 82.0 992.79 18.0 991.26 88.0 992.15
20.0 991.27 83.0 99281 21.0 991.33 89.6 991.88
22.0 991.27 84.0 992.82 24.0 991.33 91.0 991.91
24.0 991.26 85.0 992.78 27.0 991.28 93.0 991.93
26.0 991.29 85.9 992.70 30.0 991.26 95.0 991.85
28.0 991.34 86.1 992.53 33.0 991.21 97.6 991.80
30.0 991.27 86.7 992.20 36.0 991.15 98.0 991.84
320 991.45 88.0 991.98 38.0 991.29 99.0 991.80
35.0 991.33 88.5 991.93 40.0 991.39 100.0 991.47
37.0 991.27 89.0 991.71 41.2 991.48 100.8 991.49
39.0 991.28 89.3 991.52 42.6 991.55 101.6 991.63
40.0 991.25 90.0 991.46 43.6 991.73 103.5 991.65
409 991.35 92.0 991.43 45.3 991.78 105.0 991.79
24 991.68 93.2 991.38 46.3 991.74 105.5 991.77
44.0 991.69 94.5 991.75 46.8 991.80 106.0 992.13
44.6 991.66 96.4 991.76 471 991.96 106.5 992.78
45.5 991.73 98.6 991.77 48.0 992.63 107.0 992.98
46.4 991.58 100.0 991.62 49.0 993.02 1074 993.56
46.8 991.70 102.0 991.67 51.0 993.13 108.0 993.74
47.1 991.91 103.5 991.73 53.0 993.11 1105 994.25
48.0 992.62 105.0 991.60 54.0 993.09 112.0 994.42
49.0 992.99 105.5 991.72 55.0 993.07 115.0 994.64
50.0 993.01 105.8 991.87 56.0 992.88
50.3 993.08 1059 992.05 57.0 992.84
51.0 993.10 106.1 992.20 59.0 992.80
52.0 993.09 106.2 992.62 61.0 992.82
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Table 14. (Continued) Listing of horizontal stations and elevations for cross section PR136
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1995 1995 1996 1996 1997
27 September 27 September 18 October 18 October 19 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-1.5 994.54 61.0 993.05 -20.0 994.33 54.0 993.33 -20.0 994.33
0.0 994.58 63.0 993.02 -18.0 994.32 56.0 993.26 -1.4 994.55
2.0 994.62 . 650 993.01 -16.0 994.33 58.0 993.11 0.0 994.59
4.0 994.60 67.0 993.10 -14.0 994.39 60.0 993.02 1.0 994.66
64 994.48 68.0 993.22 -12.5 994 .28 62.0 993.04 29 99461
6.5 993.33 70.0 993.20 -10.0 994.39 64.0 993.03 3.2 993.52
6.6 993.06 72.0 993.15 -7.0 994.53 66.0 993.05 43 992.68
8.0 992.29 74.0 993.31 -5.0 994.42 68.0 993.20 5.7 992.11
8.2 991.99 76.0 993.26 -30 994 .47 70.0 993.21 5.8 991.86
8.8 991.91 78.0 993.32 -14 994.54 72.0 993.17 6.6 991.64
8.9 991.75 80.0 993.33 0.0 994.58 74.0 993.30 7.6 991.42
9.1 991.70 82.0 993.17 2.0 994.62 76.0 993.26 9.0 991.38
10.8 991.22 83.0 993.08 45 994.55 78.0 993.32 11.0 991.37
13.0 991.39 84.5 992.96 4.5 992.77 80.0 993.31 14.0 991.45
150 991.44 85.2 992.84 5.0 992.67 82.0 993.17 17.0 991.51
17.0 991.42 86.5 992.29 5.6 992.62 83.0 993.11 20.0 991.49
19.0 991.39 86.9 992.00 6.1 992.28 84.0 992.99 23.0 991 .41
21.0 991.33 87.0 991.67 6.7 992.28 84.6 992.92 26.0 991.38
23.0 991.23 87.3 991.46 7.5 991.93 851 992.67 29.0 991.21
250 991.29 89.0 991.46 82 991.58 86.1 992.32 320 991.14
27.0 991.26 90.5 991.38 8.5 991.77 86.7 991.85 350 991.16
29.0 991.16 915 991.56 8.7 991.60 88.1 991.70 38.0 991.23
31.0 991.20 94.0 991.51 9.7 991.30 89.2 991.52 40.0 991.35
33.0 991.15 96.0 991.52 12.0 991.25 90.0 991.52 422 991.65
350 991.20 98.0 991.47 15.0 991.14 91.0 991.75 432 991.79
37.0 991.25 100.0 991.45 18.0 991.25 93.0 991.76 44.0 992.17
39.0 991.40 102.0 991.57 21.0 991.33 96.0 991.75 45.6 992.21
420 991.60 104.0 991.63 240 991.35 99.0 991.79 46.3 992.39
425 991.71 105.5 991.69 270 991.27 102.0 991.87 473 992.39
429 991.78 106.0 992.04 30.0 991.20 105.0 991.84 48.8 993.04
45.0 991.83 106.4 991.90 33.0 991.14 1074 991.78 50.0 993.27
46.5 991.98 107.3 992.19 35.0 991.18 108.2 992.37 52.0 993.35
47.3 992.14 108.7 992.96 38.0 991.29 108.8 993.01 54.0 993.33
49.0 993.09 108.8 993.90 40.0 991.33 108.9 993.87 56.0 993.26
50.0 99325 110.0 994.12 41.8 991.60 110.0 994.12 58.0 993.10
51.0 993.35 112.0 994.41 43.2 992.25 112.0 994.42 60.0 993.00
53.0 993.33 114.0 994.59 45.0 992.24 115.0 994.65 62.0 993.02
55.0 993.29 115.0 994.64 46.7 992.19 64.0 993.02
57.0 993.20 117.0 994.52 475 992.26 66.0 993.04
58.0 993.09 120.0 994.52 48.8 993.02 68.0 993.19
59.0 993.06 50.0 993.26 70.0 993.19
60.0 992.99 52.0 993.35 72.0 993.17

105



Table 14. (Continued) Listing of horizontal stations and elevations for cross section PR136
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1997 1998 1998

19 September 28 September 28 September
Sta. Elev. Sta. Elev. Sta. Elev.
74.0 993.30 -20.0 994.32 62.0 993.04
76.0 993.27 -18.0 994.32 64.0 993.02
78.0 993.32 -15.0 994.37 66.0 993.06
80.0 993.37 -13.0 994.32 68.0 993.22
81.0 993.26 -10.0 994.36 70.0 993.19
83.0 993.11 -7.0 994.51 72.0 993.18
84.0 993.00 -6.0 994.47 74.0 993.32
85.0 992.69 -4.0 994.46 76.0 993.27
86.8 992.07 -1.5 994.52 780 993.33
89.0 992.01 0.0 994.59 80.0 993.35
91.0 991.99 15 994.62 82.0 993.19
932 991.99 3.0 994.58 83.0 993.14
942 991.71 33 993.40 84.0 993.02
95.3 991.61 4.1 992.47 85.0 992.73
95.8 991.64 5.1 992.01 85.5 992.48
96.3 991.81 53 991.80 86.0 992.34
99.0 991.83 6.4 991.43 86.5 992.06
102.0 991.91 7.3 991.33 88.0 992.00
105.0 991.88 10.0 991.34 90.0 991.93
1074 991.80 13.0 991.19 93.0 992.06
108.0 992.05 16.0 991.17 95.0 992.16
109.3 992.67 19.0 991.16 97.0 992.17
109.7 994.07 22.0 991.10 99.5 992.15
111.0 994.23 25.0 991.09 101.0 991.99
1120 994.42 280 991.15 104.0 991.94
115.0 994.65 31.0 991.27 106.5 991.92
34.0 991.62 107.3 991.82
37.0 991.65 109.3 992.78
40.0 991.60 109.7 994.04
420 991.56 111.0 994.21
440 991.78 112.0 994.42
45.7 991.67 115.0 994.65
46.4 991.79 118.0 994.64
46.8 991.89 120.0 994.53
477 992.49 123.0 994.71
49.0 993.06 125.0 994.59
50.0 993.27 130.0 994.39
520 993.35
54.0 993.33
56.0 993.25
58.0 993.10
60.0 993.04
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Description of Cross Section PR141
Location: Township 7 South/Range 49 East--section 29
U. S. Geological Survey quadrangle (1:24,000): Bloom Creek

Landowners--left bank: U. S. Government

--right bank:U. S. Government

Access: Left bank

Permission from: Gay Ranch

Distance from Moorhead Gaging Station: 26.10 kilometers
Azimuth of Section (degrees magnetic): 021

Reference Monuments

[Monuments at stations 100.0 and 100.9 were closest to leveling instrument]

GPS-NADS83 (1992) Measurement

Elevation
Standard Horizontal
Station deviation precision (NGVD1929)
Description (m) Latitude Longitude (m) {m) (m)

1/2-inch-rebar; 0.14 meter above 1998 ground 265 45°11°31.75" 105°45°13.37°  0.365 0.682 988.47
level

1/2-inch-rebar; 0.04 meter above 1998 ground -0.8  45°11°32.43” 105%45'12.71" 0.319 0.543 988.31
level

1/2-inch-rebar; 0.09 meter above 1998 gronnd  100.0 989 .06
level

1/2-inch-rebar; 0.21 meter above 1998 ground  100.9 989.19
level

Benchmark--brass circular plate 123.0  45°11’35.80” 105°45°09.56”  0.336 0.486 988.93
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Figure 39. Upper: Location of cross section PR141, bench mark BM-PR141, and the left and
right bank reference monuments in the Bloom Creek quadrangle. Lower: Location of the

bench mark on the right bank of an abandoned channel. MN is magnetic north.
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No plots were made because this cross section, PR141, was only resurveyed once
in 1998 and virtually no change was measured in the profile when compared to

the last survey in 1984.
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Table 15. Listing of horizontal stations and elevations for cross section PR141
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1998 1998

26 September 26 September
Sta. Elev. Sta. Elev.
265 98833 750  987.49
-0.8 988.26 77.0  987.43
0.0 988.27 79.0 987.49
3.0 988.44 81.0 98747
45 988.55 83.0 98747
60  988.59 850  987.62
7.0 988.49 87.0 987.73
9.0 988.52 88.3 987.77
100  988.59 800  988.04
120 98839 90.9  989.02
140 98793 920  989.08
159 98774 940  989.06
18.0  988.07 960  989.03
200  988.11 98.0  988.98
220 988.13 100.0 988.97
24.0 988.13 100.9 988.99
26.0 988.25

27.0  988.11

29.0  988.15

300  988.13

320  987.81

340  987.59

360  987.50

38.0  987.34

400  987.18

420 98713

44.0 987.08

460  987.12

48.0 987.10

500  987.16

520  987.29

540  987.24

560  987.27

580  987.30 '
60.0 987.35

620 98743

640  987.40

66.0  987.38

68.0 987.38

700  987.46

71.0 987.46

73.0  987.48
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Description of Cross Section PR141A

Location: Township 7 South/Range 49 East--section 29
U. S. Geological Survey quadrangle (1:24,000): Huckins School
Landowners--left bank: U. S. Government
--right bank: U. S. Government
Access: Left Bank
Permission from: Gay Ranch
Distance from Moorhead Gaging Station: 26.22 kilometers
Azimuth of Section (degrees magnetic): 181.5

Reference Monuments

[Monuments at stations -60.0, -40.6, and -40.0 were closest to the leveling instrument ]

GPS-NADS83 (1992) Measurement
Elevation
Standard Horizontal
Station deviation precision (NGVD1929)
Description {m) Latitude Longitude (m) (m) (m)

1/2-inch-rebar; 0.21 meter above above 1998  _60.0  45°11°38.08” 105°44’47.90”  0.443 0.425 986.99
ground level Y

1/2-inch-tebar; 0.16 meter above 1998 ground  _40.6 087.48
level

Benchmark--1/2-inch-rebar; 0.09 meter -40.0 987.38
above 1998 ground level

1/2-inch-rebar; 0.14 meter above above 1998  110.0 987.05
ground level

1/2-inch-rebar; 0.09 meter above above 1998  130.0 987.06
ground level

1/2-inch-rebar; 0.06 meter above 1998 ground  150.8  45°11°31.51” 105°44°50.49” 0.177 0.443 987.37
level

1/2-inch-rebar; 0.17 meter above 1998 ground  190.0 988.02
level; 1.1 meter downstream from side of
cottonwood tree

1/2-inch-rebar; offsection near cottonwood — 988.12

tree with nail shown in accompaning fig-
ure
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Figure 40. Upper: Location of cross section PR141A, bench mark BM-PR141, and the left and
right bank reference monuments of PR-141A in the Huckins School quadrangle. New
channel is shown in its approximate location. Lower: Location of the bench marks (12-
mm-diameter steel rods) at stations -40.0 and -60.0 on the left bank. MN is magnetic
north.
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ELEVATION, IN METERS ABOVE SEA LEVEL
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Figure 41. Profiles of cross section PR141A from 1988 to 1992.
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Figure 42. Profiles of cross section PR141A from 1992 to 1996.
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Figure 43. Profiles of cross section PR141A from 1996 to 1998.
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Table 16. Listing of horizontal stations and elevations for cross section PR141A
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1989 1989 1989 1990 1990

18 September 18 September 18 September 16 September 16 September

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-20.0 987.41 43.0 984.93 93.0 986.39 -12 987.47 59.0 985.59
-18.0 987.43 44.0 985.01 96.0 986.47 03 987.31 60.5 985.63
-16.0 987.37 46.0 984.99 97.0 986.54 20 987.34 61.3 985.78
-14.0 987.33 470 985.01 100.0 986.56 33 987.38 62.3 985.75
-12.0 987.28 472 985.16 103.0 986.61 43 986.02 62.8 985.80
-10.0 987.22 48.0 985.49 106.0 986.67 5.4 985.54 64.0 985.82
-8.0 987.18 48.1 985.81 109.0 986.72 7.0 985.34 65.0 985.86
-6.0 987.16 49.0 985.77 112.0 986.71 8.6 985.11 67.0 985.92
-4.0 987.17 50.3 985.68 115.0 986.74 9.7 984.93 69.0 986.01
-2.8 987.20 51.3 985.48 118.0 986.75 11.0 984.83 71.0 986.12
-12 987.48 53.0 985.45 121.0 986.85 13.0 984.69 73.0 986.15
0.0 987.35 53.9 985.50 124.0 986.90 15.0 984.61 75.0 986.12
1.0 987.31 54.1 985.62 127.0 986.93 16.6 984.82 76.3 986.09
2.7 987.32 54.7 985.47 130.0 986.96 18.0 984.85 76.9 986.02
34 987.38 56.0 985.43 133.0 987.01 20.0 984.82 78.5 986.04
35 986.82 57.0 985.43 136.0 987.08 22.0 984.82 79.0 985.84
3.8 986.54 58.0 985.38 139.0 987.11 24.0 984.81 80.3 985.83
44 986.08 59.0 985.37 142.0 987.13 26.0 984.78 81.9 985.99
49 985.73 61.0 985.49 145.0 987.16 28.0 984.83 82.1 986.20
53 985.75 63.0 985.65 148.0 987.20 29.8 984.85 82.6 986.35
55 985.53 65.0 985.64 150.0 987.23 31.9 985.12 83.0 986.41
7.0 985.34 67.0 985.58 150.8 987.24 334 985.11 85.0 986.33
83 985.18 68.4 985.63 35.0 985.09 86.0 986.29
10.0 984.91 69.0 985.61 37.0 985.02 88.0 986.32
12.0 984.87 71.0 985.73 37.7 98494 90.0 986.37
14.0 984.85 72.4 985.85 38.6 984.92 92.0 986.40
16.0 984.92 73.8 985.82 39.0 985.12 94.0 986.41
18.0 984.96 74.0 985.99 39.1 985.17 96.0 986.48
20.0 984.99 749 985.79 40.5 985.24 98.0 986.58
22,0 985.00 76.0 985.85 42.0 985.38 100.0 986.57
240 985.01 77.0 985.84 43.8 985.41 102.0 986.62
26.0 985.02 78.3 985.80 448 985.39 104.0 986.65
28.0 985.07 78.8 985.69 46.0 985.51 106.0 986.66
30.0 985.04 80.0 985.71 474 985.62 108.0 986.69
320 985.05 80.6 985.79 495 985.60 110.0 986.73
340 985.08 81.8 985.93 50.2 985.54 112.0 986.71
36.0 985.05 82.0 986.16 51.0 985.52 114.0 986.75
370 985.03 82.6 986.35 52.0 985.52 116.0 986.76
38.0 984.86 83.0 986.37 540 985.54 118.0 986.75
39.0 984.83 85.0 986.29 56.0 985.58 120.0 986.84
410 984.85 87.0 986.29 57.0 985.55 1220 . 986.85
420 984.87 90.0 986.35 58.0 985.59 124.0 986.89

116



Table 16. (Continued) Listing of horizontal stations and elevations for cross section PR141A
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1990 1991 1991 1991 1992
16 September 31 August 31 August 31 August 27 August
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
126.0 986.93 -20.0 987.42 473 985.61 140.0 987.12 -1.2 987.48
128.0 986.95 -18.0 987.44 47.5 985.45 145.0 987.14 0.0 987.36
130.0 986.96 -16.0 987.38 48.8 985.32 150.8 987.26 1.0 987.31
133.0 987.02 -14.0 987.34 51.0 985.41 2.4 987.29
136.0 987.08 -12.0 987.29 .52.0 985.43 24 986.12
-10.0 987.23 54.0 985.41 3.0 985.91
-8.0 987.19 56.0 985.34 3..4 985.60
-6.0 987.17 58.0 985.31 3.9 985.44
-4.0 987.18 59.3 985.33 43" 985.19
2.7 987.22 60.4 985.42 4.5 985.00
-1.2 987.48 61.0 985.54 5.0 984.97
0.0 987.35 63.0 985.51 7.0 984.98
1.0 987.31 66.0 985.61 9.0 984.88
2.3 987.30 68.0 985.60 11.0 984.77
23 986.34 69.8 985.59 13.0 984.72
33 985.71 70.3 985.78 15.0 984.77
4.2 985.30 709 985.82 17.0 984.79
4.5 985.20 71.4 985.76 19.0 984.88
4.8 985.29 72.0 985.93 21.0 984.92
5.0 984.95 73.1 985.86 23.0 985.00
7.0 984.98 74.0 985.98 25.0 985.04
8.0 984.91 76.0 986.22 27.0 984.94
10.0 984.85 77.6 986.26 29.0 984.95
12.0 984.76 779 986.39 31.0 984.90
14.0 984.82 81.0 986.39 33.0 984.95
16.0 984.83 82.0 986.30 350 985.03
18.0 984.83 83.0 986.45 36.9 985.19
20.0 984.84 85.0 986.38 37.3 985.17
21.7 984.85 88.0 986.35 382 985.19
22.4 984.71 91.0 986.39 39.0 985.29
242 984.91 94.0 986.40 40.4 985.41
244  985.00 97.0  986.52 404 98551
26.0 985.10 100.0 986.56 42.0 985.53
29.0 985.09 103.0 986.61 44.0 985.54
32.0 985.13 106.0 986.64 46.0 985.55
35.0 985.20 110.0 986.73 48.0 985.47
37.0 985.21 114.0 986.72 50.0 985.45
384 085.26 118.0 986.76 52.0 985.39
40.0 985.49 122.0 986.83 54.0 985.38
41.0 985.55 126.0 986.90 56.0 985.31
43.0 985.62 130.0 986.96 58.0 985.38
45.0 985.62 135.0 987.06 60.0 985.40
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Table 16. (Continued) Listing of horizontal stations and elevations for cross section PR141A
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1992 1993 1993 1993 1994

27 August 28 August 28 August 28 August 23 September

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
62.0 985.44 -20.0 987.43 420 985.26 101.0 986.61 -40.0 987.26
64.0 985.54 -19.0 987.42 43.0 985.26 103.0 986.65 -39.7 987.43
65.6 985.55 -17.0 987.44 45.0 985.33 105.0 986.68 -39.3 987.27
67.0 985.56 -15.0 987.39 46.0 985.35 107.0 986.70 -38.0 987.26
69.0 985.64 -13.0 987.34 48.0 985.43 109.0 986.73 -37.6 987.39
70.4 985.76 -11.0 987.26 50.0 985.44 111.0 986.73 -37.1 987.25
711 985.95 -9.0 987.20 52.0 985.51 113.0 986.74 -36.4 987.27
72.0 985.99 -7.0 987.15 53.7 985.47 115.0 986.77 -35.8 987.38
74.0 986.08 -5.0 987.20 55.7 985.60 117.0 986.78 -353 987.31
76.0 986.20 -3.0 987.19 58.0 985.56 119.0 986.78 -343 987.35
77.4 986.24 -2.0 987.38 60.0 985.58 120.0 986.84 -33.5 987.26
78.0 986.37 -1.2 987.48 62.0 985.58 122.0 986.85 -33.0 987.34
80.0 986.35 0.0 987.36 64.0 985.56 124.0 986.90 -32.0 987.38
813 986.40 0.4 987.30 66.0 985.57 126.0 986.94 -31.0 987.42
82.0 986.32 0.5 986.52 68.0 985.57 128.0 986.95 -30.4 987.52
82.6 986.44 1.2 985.36 69.0 985.55 130.0 986.96 -29.6 987.37
84.0 986.42 1.3 985.79 69.6 985.60 150.8 987.25 -29.0 987.40
86.0 986.35 2.0 985.38 70.5 985.93 -28.7 987.49
88.0 986.35 25 985.13 714 985.94 -28.1 987.37
90.0 986.38 3.5 985.19 71.8 986.01 277 987.43
92.0 986.41 5.0 985.35 72.2 986.26 -26.7 987.53
95.0 986.43 6.6 985.40 72.8 986.22 -26.3 987.63
97.0 986.53 6.8 985.62 73.4 986.20 -25.6 987.67
98.0 986.57 7.3 985.54 74.0 986.25 -25.1 987.74
100.0 986.57 8.0 985.11 75.0 986.36 -24.3 987.70
103.0 986.62 12.3 985.04 76.0 986.50 -23.4 987.65
106.0 986.65 13.3 984.55 77.0 986.63 -23.0 987.82
109.0 986.72 15.0 984.57 78.0 986.66 -22.0 987.83
112.0 986.71 17.0 984.59 79.0 986.66 -21.3 987.64
115.0 986.75 18.0 984.63 80.0 986.64 -21.0 987.61
118.0 986.75 19.0 984.81 81.0 986.62 -20.3 987.53
121.0 986.85 21.0 984.85 82.0 986.53 -20.0 987.60
1240 986.89 23.0 984.98 83.0 986.57 -19.5 987.74
127.0 986.93 25.0 985.10 84.0 986.54 -19.0 987.63
130.0 986.96 27.0 985.20 85.0 986.50 -18.3 987.51
135.0 987.01 28.0 985.13 87.0 986.47 -17.2 987.66
140.0 987.11 30.0 985.13 89.0 986.47 -17.0 987.60
1450 987.16 32.0 985.15 91.0 986.48 -16.6 987.54
150.0 987.23 34.0 985.14 93.0 986.48 -15.0 987.51
150.8 987.26 36.0 985.14 95.0 986.48 -14.4 987.52
38.0 985.19 97.0 986.59 -13.8 987.59
40.0 985.20 99.0 986.62 -13.0 987.59
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Table 16. (Continued) Listing of horizontal stations and elevations for cross section PR141A
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1994 1994 1994 1995 1995
23 September 23 September 23 September 2 October 2 October
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-12.0 987.47 50.0 985.51 128.0 986.98 -40.0 987.27 19.0 985.36
-11.0 987.44 52.0 985.41 130.0 987.04 -39.0 987.28 203 985.76
-10.0 987.43 55.0 985.48 1315 987.03 -38.0 987.28 22.0 985.75
9.0 987.50 58.0 985.57 133.2 987.11 -37.0 987.26 24.5 986.01
-8.0 987.50 59.5 985.63 1337 987.24 -36.0 987.35 26.0 986.04
-7.0 987.34 61.6 985.82 134.2 987.12 -34.0 987.30 28.0 986.07
-6.6 987.28 64.0 985.90 134.7 987.14 -33.0 987.31 30.0 986.04
-5.0 987.28 66.0 . 985.89 135.2 987.29 -31.0 987.44 32.0 986.11
-3.5 987.23 68.5 985.95 135.7 987.16 -30.0 987.42 34.0 986.20
-3.0 987.25 69.0 985.85 137.4 987.11 -29.0 987.42 36.0 986.25
-2.0 987.42 69.6 985.87 138.3 987.25 -28.0 987.39 38.0 986.30
-1.2 987.47 70.7 986.11 140.3 987.27 -27.0 987.46 40.0 986.40
-1.0 987.35 71.6 986.14 140.5 987.37 -26.0 987.63 42.0 986.43
-1.0 986.64 72.4 986.38 141.0 987.23 -24.0 987.72 440 986.38
-0.5 986.88 74.0 986.39 143.0 987.17 ) -223 987.79 45.0 986.37
-0.1 986.35 75.5 986.50 144.4 987.31 -21.0 087.62 45.5 986.30
0.1 986.28 77.0 986.69 1453 987.24 -20.0 987.64 47.0 985.84
0.3 985.83 77.4 986.66 147.5 987.29 -19.0 987.66 48.0 985.67
13 985.45 79.0 986.77 149.0 987.27 -18.0 987.57 50.5 985.51
1.6 985.23 81.0 986.73 150.8 987.30 -15.8 987.51 52.0 985.60
2.6 985.08 82.0 986.68 153.0 987.38 -154 986.36 53.0 985.73
5.0 984.84 84.0 986.62 1545 987.35 -15.0 986.05 55.0 985.83
8.0 984.75 85.0 986.57 155.8 987.37 -13.8 985.64 56.0 985.73
10.0 984.69 86.0 986.49 157.0 987.33 -13.6 985.38 57.0 985.69
13.0 984.72 88.0 986.52 158.3 987.37 -12.0 984.74 59.0 985.63
16.0 984.79 89.0 986.57 158.7 987.46 -11.0 984.63 60.0 985.63
18.0 984.96 91.0 986.50 159.5 987.42 -10.0 984.63 62.0 985.78
20.0 984.98 93.0 986.59 162.0 987.44 9.0 984.61 63.0 985.91
220 985.04 95.0 986.54 162.5 987.49 -8.0 984.69 64.0 985.96
23.0 985.07 98.0 986.66 163.3 987.39 -6.0 984.68 65.0 986.06
24.3 985.13 100.5 986.64 166.0 987.39 -4.0 984.85 67.0 986.10
24.6 985.26 103.0 986.68 169.0 987.38 2.0 984.97 69.0 986.14
26.0 985.31 106.0 986.74 171.0 987.36 0.0 984.82 71.0 986.23
29.0 985.35 109.0 986.77 173.0 987.30 2.0 984.83 72.0 986.34
30.8 985.37 112.0 986.78 176.0 987.28 4.0 985.06 73.5 986.58
314 985.31 114.0 986.80 179.0 987.17 6.0 985.14 75.0 986.67
34.0 985.33 1154 986.85 181.0 987.15 8.0 985.15 76.7 986.99
370 985.39 116.5 986.82 182.8 987.15 10.0 985.13 78.0 987.04
40.0 985.44 119.0 986.85 185.0 987.42 12.0 985.17 80.0 987.08
43.0 985.50 122.0 986.94 188.5 987.58 14.0 985.12 82.0 987.05
46.0 985.47 124.0 987.01 190.3 987.84 16.0 985.21 84.0 986.98
49.0 985.48 126.0 986.98 18.0 985.18 86.0 986.84
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Table 16. (Continued) Listing of horizontal stations and elevations for cross section PR141A
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1995 1996 1996 1996 1997

2 October 18 October 18 October 18 October 20 September

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
88.0 986.81 -60.0 986.77 25.0 986.13 108.0 986.88 -60.0 986.79
90.0 986.74 -57.0 986.90 27.0 986.22 110.0 986.91 -40.6 987.33
92.0 986.75 -55.0 987.02 28.0 986.35 -40.0 987.30
940 986.70 -52.0 987.00 30.0 986.33 -39.0 987.27
96.0 986.71 -49.0 987.19 33.0 986.37 -37.0 987.28
98.0 986.75 -46.0 987.30 36.0 986.47 -35.5 987.31
100.0 986.76 -43.0 987.29 39.0 986.50 -33.0 987.32
102.0 986.79 -40.6 987.32 41.0 986.50 -31.0 987.44
104.0 986.83 -40.0 987.30 42.7 986.49 -30.0 987.43
106.0 986.85 -37.0 987.28 44.4 985.80 -29.4 987.39
108.0 986.88 -34.0 987.31 452 985.70 -28.5 987.37
110.0 986.89 -31.0 987.43 47.0 985.71 -28.4 986.36
112.0 986.91 -28.0 987.40 50.0 985.72 -27.7 985.92
114.0 986.90 -26.0 987.63 53.0 985.85 -26.7 985.44
116.0 986.89 -24.0 987.70 56.0 985.92 -25.8 985.20
118.0 986.89 -23.1 987.74 58.7 985.96 -249 984.79
119.0 986.94 -22.7 986.43 60.0 985.91 -23.0 984.98
122.0 986.97 -21.9 985.62 63.0 985.95 -21.0 984.95
124.0 986.99 -20.8 985.19 65.0 985.96 -19.0 984.89
126.0 987.00 -19.6 984.79 67.0 986.00 -16.0 984.67
128.0 987.00 -18.3 984.61 69.0 985.89 -15.0 984.61
130.0 987.03 -16.0 984.57 70.0 985.74 -12.0 984.58
150.8 987.30 -13.0 984.65 70.5 985.93 -9.0 984.86
190.3 988.02 -11.0 984.69 71.0 986.20 -6.0 984.94
90  984.79 720 98638 30  984.99
-6.0 984.87 73.0 986.47 0.0 985.05
-4.0 984.99 74.0 986.65 1.0 984.86
2.0 985.06 75.0 986.68 2.0 984.82
0.0 985.11 76.0 986.84 3.4 985.20
3.0 985.08 77.0 986.96 3.7 985.27
6.0 985.04 78.0 987.05 3.8 985.45
7.3 985.18 80.0 987.08 6.0 985.44
9.0 985.34 82.0 987.05 8.0 985.47
11.0 985.41 84.0 986.99 10.4 985.43
14.0 985.45 86.0 986.84 11.2 985.56
16.0 985.42 88.0 986.81 11.3 985.71
18.0 985.36 91.0 986.73 12.5 985.67
19.5 985.58 94.0 986.69 14.0 985.70
20.5 985.79 97.0 986.72 17.0 985.77
212 986.06 100.0 986.75 20.0 985.80
22.0 986.10 103.0 986.76 23.0 985.71
23.0 986.04 106.0 986.87 26.0 985.70
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Table 16. (Continued) Listing of horizontal stations and elevations for cross section PR141A
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1997 1998 1998

20 September 26 September 26 September
Sta. Elev. Sta. Elev. Sta. Elev.
27.0 985.77 -60.0 986.80 30.0 986.30
273 985.82 -55.0 987.00 33.0 986.35
283 986.27 -50.0 987.02 36.0 986.41
30.0 986.38 -45.0 987.24 38.0 986.50
33.0 986.38 -40.6 987.32 40.0 986.47
36.0 986.44 -40.0 987.29 42.0 986.10
39.0 986.48 -38.0 987.30 44.0 985.78
404 986.51 -36.0 987.32 45.4 985.72
414 986.15 -33.2 987.29 48.0 985.82
440 985.71 -314 987.40 51.0 985.88
45.5 985.57 -31.2 986.70 54.0 985.93
47.0 985.68 -30.9 986.19 57.0 985.98
50.0 985.77 -29.8 985.46 60.0 985.98
53.0 985.85 -29.0 985.18 63.0 986.03
56.0 985.91 -27.0 985.10 66.0 986.08
59.0 985.92 -25.0 985.00 68.0 986.14
62.0 985.99 -23.0 985.00 70.0 986.09
65.0 986.04 -21.0 984.95 71.0 986.23
68.0 986.14 -19.0 984.82 72.0 986.43
70.0 986.08 -17.0 984.77 73.0 986.50
72.0 986.40 -15.0 984.71 75.0 986.70
74.0 986.66 -13.0 984.62 77.0 986.99
76.0 986.83 -11.0 984.77 80.0 987.08
77.6 987.03 -9.0 984.68 83.0 987.02
80.0 987.08 -7.0 984.98 86.0 986.83
82.0 987.07 -5.0 985.03 89.0 986.79
84.0 986.99 -3.0 985.22 92.0 986.75
86.0 986.84 -1.0 985.22 95.0 986.69
89.0 986.79 1.0 985.29 98.0 986.75
92.0 986.74 3.0 985.20 101.0 986.75
95.0 986.69 5.0 985.16 104.0 986.81
98.0 986.75 7.0 985.19 107.0 986.87
101.0 986.75 9.0 985.26 110.0 986.91
104.0 986.82 10.2 985.48 130.0 987.04
107.0 986.89 12.0 985.51 150.0 987.30
110.0 986.92 14.0 985.72 190.0 987.84
1300 987.04 16.5 985.75
18.0 985.66
21.0 985.68
24.0 985.82
263 985.79
28.5 986.41
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Description of Cross Section PR141.7

Location: Township 7 South/Range 49 East--section 32
U. S. Geological Survey quadrangle (1:24,000): Huckins School
Landowners--left bank: Bowers Ranch
--right bank: U. S. Government
Access: Left bank
Permission from: Gay Ranch
Distance from Moorhead Gaging Station: 26.9 kilometers
Azimuth of Section (degrees magnetic): 240.5

Reference Monuments

[Monuments at stations -29.0, -28.95, 0.25, and 1.0 were closest to leveling instrument]

GPS-NADS83 (1992) Measurement
Elevation
Standard Horizontal
Station deviation precision (NGVD1929)
Description (m) Latitude Longitude (m) (m) (m)
1/2-inch-rebar; 0.14 meter above 1998 ground 290  45°11°20.20” 105°44°44.86”  0.527 0.759 987.34
level; upstream from a group of buffa-
loberry trees and 0.05 meter riverward of
wooden stake
Benchmark--1/2-inch-rebar; 0.18 meter above 025 986.82
1998 ground level
1/2-inch-rebar; 0.10 meter above 1998 ground 1.0 986.65
level
1/2-inch-rebar; 0.16 meter above 1998 ground  149.1  45°11°18.74”  105°44°52.74”  0.590 0.534 988.62

level; 2 meters upstream from large soli-
tary cottonwood tree near the right bank
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Figure 44. Upper: Location of cross section PR141.7, bench mark BM-PR141, and the left and
right bank reference monuments of PR141.7 in the Huckins School quadrangle. Lower:
Location of the reference monuments on the left bank. MN is magnetic north.
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ELEVATION, IN METERS ABOVE SEA LEVEL
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Figure 45. Profiles of cross section PR141.7 from 1994 to 1998.
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Table 17. Listing of horizontal stations and elevations for cross section PR141.7
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1993 1994 1994 1994 1994

see note below 3 September 3 September 3 September 3 September

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
0.0 985.79 -29.0 987.20 17.1 986.07 322 985.90 425 985.74
2.6 985.71 -10.0 987.57 17.3 986.14 324 985.89 427 985.80
6.8 985.66 -6.0 986.81 17.5 986.25 32.6 985.94 429 985.85
122 985.54 -3.3 986.69 18.1 986.19 32.8 985.85 43.2 985.88
19.2 985.75 0.3 986.63 18.6 986.13 33.0 985.89 43.5 985.91
25.0 986.01 1.0 986.54 19.5 986.16 332 985.92 43.7 985.97
30.3 986.00 1.1 986.59 20.0 986.14 333 985.86 43.8 985.94
333 985.99 2.0 986.60 20.6 986.23 33.6 985.84 44.2 985.93
354 985.86 2.9 986.45 20.8 986.28 33.8 985.89 44.5 '985.96
374 985.96 39 986.41 21.1 986.28 339 985.86 44.6 985.96
397 986.03 4.6 986.45 213 986.27 341 985.88 448 985.90
40.7 986.28 5.1 986.50 214 986.34 344 985.84 45.0 985.93
42.6 986.49 5.9 986.53 219 986.34 349 985.79 45.1 985.98
44.5 986.42 6.2 986.56 22.1 986.25 35.1 985.68 453 985.97
46.0 986.31 6.8 986.56 22.5 986.25 353 985.74 45.5 985.80
48.5 986.43 7.6 986.58 229 986.24 35.6 985.82 45.7 985.82
depths to surface 79 986.49 233 986.31 357 985.78 46.3 985.92
measured on 82 986.56 23.9 986.38 36.0 985.77 46.7 985.99
3 September 1994 8.4 986.50 24.2 986.17 36.2 985.88 46.9 985.98
8.8 986.49 24.7 986.18 36.5 985.78 47.4 985.99
9.4 986.41 25.0 986.21 36.7 985.74 47.6 986.02
10.0 986.31 25.4 986.20 372 985.72 47.6 986.05
10.3 986.18 25.6 986.33 373 985.80 47.7 986.03
109 986.11 26.3 986.27 37.5 985.75 47.8 986.06
11.8 986.11 26.6 986.28 378  985.74 479 986.01
12.1 986.15 26.8 986.26 38.2 985.77 48.0 986.06
12.2 986.09 27.2 986.20 38.5 985.79 48.1 986.03
12.6 986.11 27.6 986.24 38.7 985.73 43.3 985.96
12.7 986.15 28.1 986.22 39.0 985.79 48.4 986.03
12.8 986.05 28.3 986.27 39.1 985.79 48.5 986.02
13.2 986.08 28.6 986.30 393 985.76 48.7 986.15
13.6 986.06 289 986.22 39.8 985.77 49.1 986.16
139 986.02 29.1 986.20 40.0 985.76 49.6 986.02
142 986.06 295 986.00 40.4 985.81 49.9 985.87
14.6 986.02 29.8 985.92 40.83 985.91 50.5 985.60
15.0 986.10 30.0 985.99 41.0 985.75 51.5 984.84
15.3 986.11 30.2 986.00 412 985.72 52.3 984.67
154 986.16 30.8 985.97 41.4 985.80 54.8 984.51
15.7 986.00 31.0 985.96 41.7 985.83 54.8 984.53
16.0 986.12 31.1 985.99 42.0 985.93 62.4 984.93
163 986.03 312 985.95 422 985.79 65.3 - 985.47
16.7 986.05 31.8 985.91 42.4 985.74 67.7 985.50

125



Table 17. (Continued) Listing of horizontal stations and elevations for cross section PR141.7
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1994 1995 1995 1995 1996

3 September 2 October 2 October 2 October 18 October

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
70.0 984.78 -15.0 987.37 39.5 986.01 121.0 984.45 -29.0 987.20
758 984.78 -13.0 987.42 41.0 986.13 123.0 984.35 -29.0 987.23
80.0 984.74 -11.0 987.51 425 986.29 125.0 984.89 -26.0 987.18
86.4 984.66 -9.0 987.38 440 986.28 126.2 985.25 -23.0 987.40
90.0 984.60 -8.0 987.26 46.0 986.26 126.7 985.23 -20.0 987.31
96.0 984.39 -6.3 986.83 475 986.30 127.6 985.59 -17.0 987.34
100.1 984.52 -5.0 986.89 49.0 986.25 1283 986.07 -14.0 987.41
104.9 984.57 -3.0 986.71 50.0 986.00 1285 987.87 -12.0 987.45
110.1 984.58 -1.5 986.71 50.7 985.39 1295 988.43 -10.0 987.59
116.3 984.67 0.0 986.61 51.0 985.31 131.0 988.49 -8.0 987.27
118.5 985.04 1.5 986.54 51.0 985.14 133.0 988.50 -6.3 986.84
1194 986.29 2.0 986.62 513 985.15 135.5 988.41 -4.0 986.77
1199 986.29 3.0 986.44 514 985.38 137.0 988.45 -3.0 986.70
120.2 987.12 4.5 986.48 52.0 985.40 138.5 988.43 -2.0 986.72
126.5 986.90 6.0 986.58 54.0 985.24 140.0 988.45 -0.8 986.61
1294 988.41 7.0 986.57 56.0 985.03 143.0 988.42 0.3 986.65
1385 988.40 9.0 986.48 58.0 984.93 145.0 988.34 1.0 986.59
149.1 988.42 10.5 986.20 60.0 984.89 147.0 988.41 2.0 986.61
12.0 986.19 61.5 984.86 1491 988.47 3.0 986.45
14.0 986.12 62.7 985.11 4.5 986.47
15.0 986.23 64.5 985.82 6.0 986.59
15.5 986.26 66.0 985.74 7.0 986.58
16.5 986.19 68.0 985.52 9.0 986.49
18.0 986.30 69.5 985.42 10.5 986.19
19.0 986.27 71.0 985.49 12.0 986.22
20.0 986.31 74.0 985.52 14.0 986.13
21.0 986.38 770 985.43 15.0 986.21
22.0 986.37 80.0 985.25 15.5 986.26
23.0 986.43 835 984.89 16.5 986.22
23.7 986.47 86.0 984.71 18.0 986.29
25.0 986.41 89.0 984.62 19.0 986.25
26.4 986.50 92.0 984.52 20.0 986.36
274 986.43 95.0 984.43 21.0 986.38
28.6 986.52 98.0 984.44 22.0 986.36
29.5 986.20 101.0 984.50 23.0 986.46
30.7 986.09 104.0 984.51 23.7 986.45
315 986.05 107.0 984.61 25.0 986.47
325 986.10 110.0 984.53 26.4 986.50
35.0 986.00 113.0 984.61 274 986.47
36.0 985.94 116.0 984.62 28.6 986.46
36.8 986.07 117.0 984.47 29.5 986.20
37.3 986.10 119.0 984.61 30.7 986.08
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Table 17. (Continued) Listing of horizontal stations and elevations for cross section PR141.7
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1996 1996 1997 1997 1998

18 October 18 October 20 September 20 September 26 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
315 986.05 95.0 984.46 0.3 986.62 60.0 985.15 -15.0 987.37
335 986.10 98.0 984.40 1.0 986.57 62.4 985.10 -12.5 987.43
35.0 985.99 100.0 984.61 2.0 986.61 63.3 985.28 -10.0 987.59
36.0 985.97 103.0  984.69 3.0 986.45 64.9 985.72 -71.5 987.12
36.8 986.08 106.0 984.73 4.5 986.47 66.0 985.84 -6.0 986.82
373 986.10 109.0 984.70 6.5 986.59 68.0 985.86 -4.0 986.78
395 986.04 112.0 984.57 8.0 986.53 70.0 985.75 -2.0 986.70
41.0 986.19 115.0 984.49 9.0 986.51 720 985.61 0.3 986.64
42.5 986.26 118.0 984.46 10.5 986.21 74.0 985.52 1.0 986.55
440 986.31 121.0 984.42 120 986.20 76.0 985.43 4.0 986.45
46.0 986.26 123.5 984.37 14.0 986.13 78.0 985.37 7.0 986.58
475 986.29 124.5 984.61 16.0 986.22 80.0 98524 9.0 986.49
49.0 986.26 126.0 984.81 16.5 986.21 82.0 985.06 11.0 986.19
50.0 986.04 127.6 984.96 17.5 986.35 83.7 984.80 14.0 986.13
50.7 985.57 1299 984.83 18.5 986.28 17.0 986.25
51.2 985.48 130.4 988.48 20.0 986.32 20.0 986.33
52.0 985.19 132.0 988.51 22.0 986.37 22.0 986.36
54.0 985.23 135.0 988.47 24.0 986.43 24.0 986.43
56.0 985.06 138.0 988.44 26.0 986.52 26.0 986.48
58.0 984.90 141.0 988.45 28.0 986.43 275 986.46
60.0 984.79 144.0 988.36 30.0 986.28 290 986.41
61.2 984.71 146.0 988.40 31.0 986.05 313 986.07
624 984.82 149.1 988.46 33.0 986.09 33.0 986.08
62.8 985.00 35.0 986.00 36.0 985.95
63.5 985.19 36.0 985.97 38.0 986.07
63.8 985.21 38.0 986.06 40.0 986.04
65.0 985.68 40.0 986.07 42.0 986.22
66.0 985.71 42.0 986.27 440 986.31
68.0 985.75 44.0 986.31 46.0 986.28
70.0 985.70 46.0 986.27 438.0 986.28
71.0 985.65 48.0 986.28 492 986.10
73.0 985.69 49.1 986.26 51.0 985.68
74.3 985.62 50.0 985.99 52.3 985.40
75.5 985.59 51.0 985.68 54.0 985.28
77.2 985.36 51.4 985.63 57.0 985.19
78.5 985.32 52.0 985.45 60.0 985.04
81.0 985.14 53.0 985.25 62.0 984.92
82.5 985.00 55.0 985.11 62.7 984.89
83.8 984.80 573 985.05 64.0 985.45
86.0 984.63 577 984.93 65.8 985.81
89.0 984.60 58.5 984.97 68.0 985.85
92.0 984.55 58.7 985.07 70.0 985.74
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Table 17. (Continued) Listing of horizontal stations and elevations for cross section PR141.7
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1998

26 September
Sta. Elev.
73.0 985.53
76.0 985.45
79.0 985.35
81.0 984.76
825 984.97
85.0 984.68
88.0 984.61
91.0 984.57
94.0 984.45
97.0 984.42
100.0 984.47
103.0 984.56
106.0 984.61
109.0 984.60
112.0 984.49
115.0 984.33
118.0 984.35
121.0 984.41
124.0 984.56
128.0 985.01
131.0 985.86
1314 988.51
135.0 988.48
138.0 988.44
141.0 988.43
1440 988.35
147.0 988.41
149.1 988.47
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Description of Cross Section PR147

Location: Township 7 South/Range 49 East--section 21
U. S. Geological Survey quadrangle (1:24,000): Huckins School
Landowners--left bank: Gay Ranch

--right bank: Huckins Ranch
Access: Left or right bank
Permission from: Left bank, Gay Ranch; right bank, Huckins Ranch
Distance from Moorhead Gaging Station: 30.24 kilometers
Azimuth of Section (degrees magnetic): 130

Reference Monuments

[Monuments at stations -68.9 and 0.0 were closest to leveling instrument]

GPS-NADS83 (1992) Measurement
Elevation
Standard Horizontal
Station deviation precision (NGVD1929)
Description {m) Latitude Longitude (m) (m) (m)
1/2-inch-rebar; 0.19 meter above 1998 ground _gg.9 984.01
level under a fenceline
1/2-inch-rebar; 0.05 meter above 1998 ground 0.0 983.91
level
Benchmark--brass circular plate -20  45°12'19.56”  105°44°06.61"  0.557 0.460 983.92
1/2-inch-rebar; 0.04 meter below 1998 ground  100.0 983.10
level
1/72-inch-rebar; 0.09 meter above 1998 ground 1007 983.27
level
1/2-inch-rebar; 0.15 meter above 1998 ground  110.0 45°12°16.63” 105°44°03.58”  0.153 0.348 983.56

level
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Figure 46. Upper: Location of cross section PR147, bench mark BM-PR147, and the right bank
reference monument in the Huckins School quadrangle. Lower: Location of the bench
mark on the left bank. MN is magnetic north.
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ELEVATION, IN METERS ABOVE SEA LEVEL
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Figure 47. Profiles of cross section PR147 from 1988 to 1992.
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ELEVATION, IN METERS ABOVE SEA LEVEL
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Figure 48. Profiles of cross section PR147 from 1992 to 1996.
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ELEVATION, IN METERS ABOVE SEA LEVEL
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Figure 49. Profiles of cross section PR147 from 1996 to 1998.
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Table 18. Listing of horizontal stations and elevations for cross section PR147
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1989 1989 1989 1990 1990
19 September 19 September 19 September 23 September 23 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-69.1 983.83 15.0 981.46 69.9 980.49 -0.9 983.86 58.0 980.50
-66.0 983.85 15.7 980.77 70.3 980.46 0.0 983.86 60.0 980.60
-63.0 984.17 16.4 980.37 71.3 980.34 20 983.85 62.0 980.65
-61.0 984.22 16.6 980.73 72.5 980.46 34 983.87 64.0 980.62
-59.0 984.19 17.0 980.19 74.0 980.45 5.0 983.61 65.8 980.56
-56.0 984.25 18.0 980.29 76.0 980.44 54 983.58 66.0 980.58
-53.0 984.22 19.0 980.43 78.0 980.39 6.8 983.62 68.0 980.55
-50.0 984.13 20.0 980.73 80.0 980.31 8.0 983.51 70.0 980.57
-47.6 983.96 202 980.78 82.0 980.20 9.0 983.34 72.0 980.63
-45.0 984.01 21.0 980.90 84.0 980.20 10.0 983.08 74.0 980.62
-43.0 984.06 21.7 980.97 85.0 980.19 11.6 982.64 76.0 980.53
-41.0 984.15 22.0 981.10 87.5 980.25 13.0 982.53 770 980.47
-39.0 983.99 24.0 981.16 88.5 980.47 134 982.40 79.0 980.26
-37.0 983.86 26.0 981.16 89.0 980.65 13.8 982.31 81.0 980.25
-36.0 983.85 28.0 981.10 90.2 980.91 14.4 981.78 83.0 980.21
-34.0 984.03 283 980.93 91.0 981.34 15.7 980.77 85.0 980.20
-320 984.09 290 980.84 92.1 982.09 16.5 980.30 86.5 980.21
-30.0 984.07 29.2 980.76 92.6 982.68 17.3 980.21 87.6 980.45
-28.0 984.06 30.0 980.60 92.7 983.08 18.8 980.46 88.0 980.48
-25.0 983.97 32.0 980.60 94.0 983.17 20.0 980.78 88.8 980.56
-22.0 983.94 34.0 980.57 95.0 983.10 20.8 980.84 90.3 980.96
-19.0 983.92 36.0 980.55 96.0 983.21 21.7 981.32 91.0 981.28
-16.0 983.90 38.0 980.56 98.0 983.21 23.0 981.41 91.2 981.58
-13.0 983.96 40.0 980.48 100.0 983.12 25.0 981.46 915 981.63
-10.0 984.01 41.0 980.46 100.7 983.17 26.5 981.43 91.6 981.78
-7.0 984.14 42.0 980.55 269 981.30 92.0 982.04
-6.0 984.16 44.0 980.57 28.5 981.10 92.7 983.07
-5.0 984.06 46.0 980.57 294 980.80 93.0 983.13
-4.0 983.94 48.0 980.44 313 980.69 95.0 983.11
-2.0 983.90 50.0 980.37 320 980.56 97.0 983.24
-0.9 983.86 52.0 980.44 34.0 980.58 99.0 983.17
0.0 983.86 54.0 980.44 36.0 980.55 100.0 983.12
20 983.85 56.0 980.50 38.0 980.56 100.7 983.18
3.6 983.87 58.0 980.56 40.0 980.47
5.1 983.59 60.0 980.66 420 980.53
7.0 983.61 61.0 980.66 440 980.55
9.0 983.34 63.0 980.68 46.0 980.52
10.0 983.08 65.0 980.61 48.0 980.46
12.0 982.60 66.0 980.57 50.0 980.36
132 982.52 67.2 980.63 52.0 980.44
14.0 982.31 67.7 980.74 54.0 980.41
142 981.88 69.0 980.75 56.0 980.40
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Table 18. (Continued) Listing of horizontal stations and elevations for cross section PR147
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1991 1991 1992 1992 1993
31 AUgust 31 August 27 August 27 August 28 August
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-0.9 983.87 64.0 980.49 -0.9 983.86 64.0 980.52 -0.9 983.87
0.0 983.86 66.0 980.46 0.0 983.86 65.0 980.52 0.0 983.87
2.0 983.86 67.4 980.35 20 983.86 66.0 980.46 2.0 983.86
3.6 983.87 69.0 980.39 3.5 983.88 66.4 980.38 3.6 983.88
5.0 983.63 71.0 980.45 4.6 983.67 67.9 980.49 42 983.79
7.0 983.61 72.0 980.43 57 983.57 69.0 980.52 5.0 983.62
85 983.44 73.6 980.28 6.6 983.64 70.0 980.50 55 983.58
93 983.30 75.0 980.31 8.0 983.49 720 980.31 6.8 983.62
110 982.75 78.0 980.29 9.6 983.19 74.0 980.33 9.0 983.37
13.0 982.52 80.0 980.26 11.0 982.78 76.0 980.35 11.0 982.78
14.0 982.28 82.0 980.21 13.0 982.53 78.0 980.31 12.5 982.58
142 981.74 84.0 980.15 14.0 982.30 80.0 980.31 14.0 982.28
14.6 981.75 86.0 980.20 14.3 981.81 82.0 980.28 144 981.91
15.0 981.40 87.0 980.29 15.0 981.42 84.0 980.24 14.6 981.87
16.0 981.37 88.4 980.46 16.0 981.40 86.0 980.20 15.0 981.62
18.0 981.37 89.8 980.57 18.0 981.43 86.5 980.19 16.0 981.63
20.0 981.43 91.0 980.90 20.0 981.42 88.0 980.37 172 981.76
220 981.43 92.3 981.77 220 981.43 89.0 980.50 17.8 981.60
24.0 981.52 923 982.50 24.0 981.52 91.0 980.97 18.1 981.57
26.0 981.56 92.6 982.72 26.0 981.57 922 981.46 19.0 981.58
28.0 981.52 92.7 983.07 275 981.57 924 982.48 19.3 981.55
29.0 981.39 94.0 983.18 28.5 981.49 92.6 983.05 20.0 981.72
30.0 980.95 96.0 983.18 30.0 980.99 93.0 983.14 21.0 981.79
31.0 980.85 98.0 983.21 305 980.87 94.0 983.17 220 981.81
323 980.64 100.0 983.12 31.0 980.75 95.0 983.11 23.0 981.77
32.7 980.51 100.7 983.17 313 980.57 97.0 983.25 237 981.79
34.0 980.59 33.0 980.55 100.0 983.12 25.0 981.86
36.0 980.52 35.0 980.51 100.7 983.17 26.0 981.85
38.0 980.56 37.0 980.54 270 981.82
40.0 980.51 39.0 980.56 282 981.61
42.0 980.53 41.0 980.51 289 981.11
440 980.57 43.0 980.56 29.4 981.09
46.0 980.52 45.0 980.55 29.7 980.80
48.0 980.47 46.0 980.54 30.5 980.41
50.0 980.32 48.0 980.45 32.0 980.42
520 980.40 50.0 980.40 34.0 980.51
54.0 980.42 520 980.44 36.0 980.54
55.7 980.26 540 980.42 38.0 980.58
57.0 980.35 56.0 980.29 40.0 980.51
59.0 980.40 58.0 980.35 420 980.56
60.5 980.42 60.0 980.41 44.0 980.56
62.0 980.46 62.0 980.40 46.0 980.51
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Table 18. (Continued) Listing of horizontal stations and elevations for cross section PR147
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1993 1994 1994 1995 1995
28 August 22 September 22 September 2 October 2 October
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
48.0 980.59 0.0 983.87 75.0 980.35 0.0 983.88 82.0 980.12
50.0 980.50 2.0 983.86 78.0 980.32 2.0 983.86 85.0 980.20
52.0 980.43 36 983.87 81.0 980.26 35 983.88 88.0 980.48
54.0 980.41 5.5 983.58 84.0 980.19 4.5 983.69 91.0 980.53
56.0 980.27 6.6 983.63 86.5 980.27 5.5 983.58 91.5 980.60
58.0 980.30 8.0 983.49 87.8 980.42 7.0 983.60 93.0 980.66
60.0 980.38 9.3 983.30 90.0 980.64 9.0 983.36 94.4 980.85
62.0 980.40 114 982.69 91.7 980.97 11.0 982.78 94.8 981.24
64.0 980.43 13.0 982.58 93.6 981.98 13.0 982.60 95.7 981.53
66.0 980.46 13.9 982.33 93.7 983.16 14.6 981.99 96.5 981.98
68.0 980.30 15.0 981.62 95.0 983.12 155 981.85 96.9 983.25
70.0 980.42 17.0 981.77 97.0 983.25 17.0 981.87 98.0 983.23
72.0 980.53 18.0 981.59 100.0 983.12 19.0 982.02 100.0 983.14
74.0 980.43 19.5 981.58 100.7 983.18 20.5 982.05 100.7 983.18
76.0 980.31 20.1 981.74 20.7 981.89 102.0 983.19
78.0 980.21 21.0 981.78 220 981.89 104.0 983.17
80.0 980.18 23.0 981.78 23.0 981.86 106.0 983.14
82.0 980.11 25.0 981.87 24.6 981.88 108.0 983.37
84.0 980.14 27.0 981.82 254 981.75 110.0 983.41
86.0 980.22 28.0 981.56 257 980.81
88.0 980.40 29.8 980.70 26.5 980.43
894 980.58 31.0 980.38 28.0 980.47
91.0 980.80 34.0 980.45 30.0 980.44
92.0 981.06 37.0 980.51 330 980.40
92.6 981.34 40.0 980.53 36.0 980.51
92.9 981.68 43.0 980.59 390 980.54
93.3 981.79 46.0 980.50 420 980.49
934 981.91 49.0 980.53 450 980.50
93.6 981.95 52.0 980.47 48.0 980.55
93.7 983.15 54.0 980.43 51.0 980.45
95.0 983.11 56.0 980.29 54.0 980.40
97.0 983.25 58.0 980.25 57.0 980.30
99.0 983.19 60.0 980.40 60.0 980.50
100.0 983.12 63.5 980.40 63.0 980.63
100.7 983.17 64.8 980.53 66.0 980.54
65.6 980.54 68.0 980.61
66.0 980.40 69.0 980.72
68.0 980.47 71.0 980.73
69.5 980.59 72.0 980.86
70.2 980.46 74.0 980.69
713 980.49 ' 755 980.61
725 980.39 79.0 980.19
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Table 18. (Continued) Listing of horizontal stations and elevations for cross section PR147
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1996 1996 1997 1997 1998

25 October 25 October 20 September 20 September 28 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.

0.0 983.87 94.8 980.89 0.0 983.86 66.0 980.88 0.0 983.86

3.0 983.87 96.5 981.73 2.0 983.85 68.0 980.88 2.0 983.86

5.0 983.63 96.8 981.98 3.6 983.87 70.0 980.89 35 983.87

7.0 983.60 97.0 983.22 55 983.59 714 980.87 55 983.59

9.0 983.36 98.0 983.23 7.0 983.60 73.0 980.72 7.0 983.57
11.0 982.80 100.0 983.12 85 983.44 75.0 980.65 9.0 983.33
14.0 982.26 100.7 983.18 10.0 983.07 75.9 980.54 11.0 982.77
153 981.86 104.0 983.17 11.5 982.66 78.0 980.33 - 130 982.45
170 981.86 106.5 983.17 13.0 982.57 81.0 980.18 15.0 981.93
20.0 982.06 108.0 983.35 14.5 982.04 84.0 980.11 17.0 981.95
210 981.90 110.0 983.41 15.5 981.85 86.0 980.26 19.0 982.05
230 981.88 18.0 981.91 88.0 980.46 21.0 981.99
245 981.89 20.0 982.06 89.5 980.47 23.0 981.97
254 981.72 215 981.92 91.2 980.54 24.0 981.94
256 981.06 23.0 981.89 92.0 980.62 24.7 981.71
26.0 980.69 24.5 981.87 92.5 980.54 25.0 981.12
28.7 979.99 25.0 981.67 95.0 980.92 259 980.80
295 979.89 25.0 981.20 96.6 981.83 28.0 980.20
320 980.23 25.5 980.86 96.7 983.17 30.0 979.90
35.0 980.33 26.3 980.69 98.5 983.19 32.0 980.00
38.0 980.43 273 980.39 100.0 983.14 35.0 980.37
41.0 980.37 29.0 979.91 100.7 983.18 38.0 980.42
440 980.42 30.0 979.89 103.0 983.18 41.0 980.25
47.0 980.46 32.0 980.25 105.5 983.10 44.0 980.37
50.0 980.52 34.0 980.30 1080  983.36 47.0 980.50
53.0 980.51 36.0 980.46 110.0 983.40 50.0 980.54
56.0 980.47 38.0 980.42 53.0 980.54
58.0 980.47 40.0 980.26 56.0 980.51
60.0 980.52 42.0 980.31 58.0 980.62
62.0 980.65 44.0 980.39 59.7 980.75
65.0 980.98 46.0 980.45 61.7 981.00
67.0 981.02 48.0 980.43 64.0 981.02
69.3 981.04 50.0 980.48 67.0 981.04
71.5 980.68 52.0 980.44 68.0 981.02
73.0 980.68 54.0 980.50 70.0 980.88
757 980.56 56.0 980.47 72.0 980.78
79.0 980.26 57.3 980.48 74.4 980.68
82.0 980.17 58.8 980.64 71.0 980.40
85.0 980.16 60.3 980.84 80.0 980.20
88.0 980.46 614 980.86 83.0 980.23
91.0 980.49 63.0 981.01 86.0 - 980.28
93.0 980.55 64.9 980.97 89.0 980.55
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Table 18. (Continued)Listing of horizontal stations and elevations for cross section PR147
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1998

28 September
Sta. Elev.
91.0 980.52
92.8 980.69
95.0 980.95
97.0 982.23
97.5 983.24
100.0 983.15
100.7 983.19
104.0 983.17
106.0 983.15
107.5 983.32
1100 983.41
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Description of Cross Section PR151

Location: Township 7 South/Range 49 East--section 15
U. S. Geological Survey quadrangle (1:24,000): Huckins School
Landowners--left bank: Gay Ranch
--right bank: Huckins Ranch
Access: Right bank
Permission from: Floyd and Dora Huckins
Distance from Moorhead Gaging Station: 36.27 kilometers
Azimuth of Section (degrees magnetic): 176.5

Reference Monuments

[Monuments at stations 100.0, 101.1, and 101.2 were closest to the leveling instrument}

GPS-NADS3 (1992) Measurement
Elevation
Standard Horizontal
Station deviation precision (NGVD1929)
Description (m) Latitude Longitude (m) (m) (m)
Benchmark--brass circular plate -1.95 45°13°32,83”  105°41'47.36”  0.251 0.531 977.46
1/2-inch-rebar; bent flat on 1998 ground level -0.9 977.63
1/2-inch-rebar; 0.02 meter above 1998 0.0 977.54
ground level
1/2-inch-rebar; 0.07 meter above 1998 ground  100.0 977.12
level !
1/2-inch-rebar; 0.02 meter above 1998 ground  1¢1.1 976.98
level
1/2-inch-rebar; 0.10 meter above 1998 ground 1012 45°13°36.117  105°41°46.45” 0.353 0.596 977.06
level
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to cone-shaped hill south of {12-mm-diameter steel rod)
Pinto Creek,elevation ~3800ft. STATION 0.82

/'3/0
-
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Y to cone-shaped hill next to
Powder River road cut,
Channel (not to scale) . elevation ~3500ft.
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twisted wooden fence post 101.1 Modified 1998
with red electric fence insulator- 7.7m 101.2 Drawn 987

Figure 50. Upper: Location of cross section PR151, bench mark BM-PR151, and the right bank
reference monument in the Huckins School quadrangle. Lower: Location of the bench
mark on the left bank and reference monuments on the right bank. MN is magnetic north.
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Figure 51. Profiles of cross section PR151 from 1988 to 1992.
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Figure 52. Profiles of cross section PR151 from 1992 to 1996.
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Figure 53. Profiles of cross section PR151 from 1996 to 1998.
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Table 19. Listing of horizontal stations and elevations for cross section PR151
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1989 1989 1990 1990 1991
19 September 19 September 19 September 19 September 30 August
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-0.8 977.48 62.0 973.81 -0.8 977.49 65.0 973.80 -0.9 977.50
0.0 977.53 64.0 973.86 0.0 977.53 67.0 973.75 0.0 977.53
2.0 977.65 66.0 973.84 3.0 977.70 69.0 973.73 3.0 977.71
4.0 977.73 68.0 973.83 6.0 977.70 71.0 973.82 5.0 977.72
6.0 977.69 70.0 973.87 8.3 977.69 73.0 973.82 7.0 977.67
8.4 977.70 72.0 973.88 8.6 977.62 75.0 973.82 8.4 977.66
9.7 977.19 74.0 973.83 94 977.25 77.0 973.90 9.7 977.20
11.0 977.27 76.0 973.87 10.0 977.19 79.0 973.91 11.2 977.21
12.0 977.43 78.0 973.92 12.0 977.43 81.0 973.96 12.0 977.42
13.0 977.48 80.0 973.96 13.0 977.49 82.0 973.93 13.0 977.48
145 977.35 81.5 973.94 14.1 977.42 83.0 974.06 14.3 977.38
16.0 976.74 82.5 974.07 15.0 97713 84.0 974.28 15.0 977.14
18.0 976.03 83.5 974.12 17.0 = 97631 85.0 974.58 18.0 976.02
19.0 975.77 854 974.31 19.0 975.76 85.9 974.76 19.0 975.75
19.2 975.85 85.7 974.43 19.2 975.84 86.9 975.38 213 975.17
20.0 975.68 86.3 975.04 20.7 975.44 87.3 975.51 23.0 975.11
21.0 975.12 87.0 975.41 21.1 975.19 89.0 976.75 26.0 975.17
23.0 975.09 87.3 975.49 23.0 975.14 90.1 976.68 29.0 975.13
25.0 975.16 88.5 976.32 25.0 975.18 92.0 976.91 32.0 975.10
27.0 975.14 88.8 976.74 27.0 975.16 94.0 976.90 34.0 975.16
29.0 975.10 89.8 976.74 29.0 975.13 96.0 977.03 350 975.23
31.0 975.10 90.3 976.67 31.0 975.13 975 977.12 36.0 97524
33.0 975.08 92.0 976.92 33.0 975.12 99.0 977.07 38.0 975.13
350 975.19 94.0 976.88 34.0 975.18 100.0 977.05 39.7 974.90
36.3 975.22 96.0 977.04 36.0 975.23 101.2 976.96 40.8 974.70
373 975.11 97.0 977.11 370 975.17 419 974.76
377 975.13 98.5 977.07 38.0 975.04 42.6 974.59
39.0 974.79 100.0 977.05 40.0 974.73 43.4 974.23
41.7 974.40 101.2 976.96 409 974.69 44.4 974.12
42.0 974.29 42.0 974.80 46.4 973.96
438 974.14 43.0 974.43 48.0 973.82
4.7 974.11 442 974.12 50.0 973.77
46.0 974.03 453 974.08 52.0 973.82
48.0 973.91 47.0 973.93 54.0 973.85
50.0 973.85 49.0 973.78 56.0 973.81
52.0 973.90 51.0 973.77 58.0 973.83
54.0 973.87 53.0 973.84 60.0 973.85
56.0 973.88 55.0 973.85 62.0 973.83
58.0 973.83 57.0 973.85 64.0 973.83
59.0 973.72 59.0 973.81 66.0 973.82
60.0 974.12 61.0 973.82 68.0 973.86
60.5 973.85 63.0 973.82 69.6 973.89
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Table 19. (Continued) Listing of horizontal stations and elevations for cross section PR151
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1991 1992 1992 1993 1993
30 August 31 August 31 August 29 August 29 August
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
70.1 973.76 -0.9 97748 72.0 973.84 -0.9 977.48 59.0 973.83
72.0 973.81 0.0 977.53 74.0 973.80 0.0 977.53 61.0 973.83
74.0 973.81 30 977.71 76.0 973.86 2.0 977.64 63.0 973.82
76.0 973.86 6.0 977.70 78.0 973.91 40 977.73 65.0 973.78
78.0 973.92 85 977.69 80.0 973.94 6.0 977.70 67.0 973.73
80.0 973.94 9.8 977.20 82.0 973.92 7.0 977.68 69.0 973.70
81.5 973.96 11.0  977.28 83.0 973.95 83 977.68 71.0 973.76
834 974.02 12.0 97743 83.6 974.13 9.5 977.27 73.0 973.83
84.2 974.36 14.0 97742 84.5 974.52 104 977.20 75.0 973.83
86.0 974.88 15.0 977.15 84.9 974.55 11.3 977.30 77.0 973.89
87.3 975.52 17.0 976.32 85.5 974.74 13.0 977.48 79.0 973.92
88.0 975.98 19.0 975.75 87.2 975.49 14.0 977.44 81.0 973.95
88.9 976.75 19.3 975.83 89.2 976.73 15.0 977.11 83.0 973.97
90.0 976.68 21.6 975.14 90.2 976.67 17.0 976.30 83.6 973.98
92.0 976.92 23.0 975.11 92.0 976.92 19.0 975.74 83.8 974.15
94.0 976.90 25.0 975.18 94.0 976.89 19.8 975.66 84.5 974.59
96.0 977.05 27.0 975.15 96.0 977.04 20.9 975.38 85.6 974.64
98.0 977.10 29.0 975.12 97.0 977.11 22.0 975.19 86.4 975.30
100.0 977.05 31.0 975.13 99.0 977.07 240 975.22 87.0 975.51
101.2 976.96 33.0 975.19 100.0 977.04 26.0 975.22 87.3 975.56
35.0 975.23 101.2 976.96 28.0 975.19 88.6 97647
36.6 975.23 30.0 975.20 89.0 976.56
38.0 975.13 320 975.21 89.1 976.71
39.6 974.92 340 975.27 90.2 976.67
41.0 974.88 35.0 975.34 92.0 976.93
42.0 974.74 36.0 975.41 93.4 976.88
425 974.68 370 975.42 95.0 976.95
43.7 974.20 374 975.36 97.5 977.11
44.1 974.13 37.7 975.40 100.0 977.04
46.0 974.00 386 975.19 101.2 976.96
48.0 973.82 40.0 975.09
50.0 973.77 409 975.10
52.0 973.79 422 974.68
54.0 973.85 430 974.41
56.0 973.79 43.6 974.17
58.0 973.77 45.0 974.02
60.0 973.81 470 973.87
62.0 973.80 49.0 973.70
64.0 973.80 51.0 973.74
66.0 973.78 53.0 973.85
68.0 973.73 55.0 973.80
70.0 973.73 57.0 973.82
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Table 19. (Continued) Listing of horizontal stations and elevations for cross section PR151
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1994 1994 1995 1995 1996

20 September 20 September 27 September 27 September 19 October

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-0.8 977.48 85.5 974.63 -0.8 977.49 71.0 973.78 -09 977.49
0.0 977.52 873 975.57 0.0 977.52 73.0 973.78 0.0 977.52
2.0 977.65 89.1 976.71 2.0 977.63 75.0 973.83 3.0 977.711
4.0 977.74 90.3 976.66 5.0 977.71 77.0 973.87 6.0 977.70
6.0 977.70 92.0 976.95 8.3 977.68 79.0 973.90 8.4 977.70
8.5 977.68 95.0 976.94 9.7 977.21 81.0 973.93 10.0 977.20
10.0 977.20 97.0 977.12 11.0 977.25 83.0 974.02 11.0 977.26
11.0 977.25 99.0 977.09 12.0 977.44 83.5 974.02 12.0 977.43
12.0 977.43 100.0 977.05 13.2 977.48 84.5 974.18 13.0 977.48
13.0 977.47 101.1 976.97 15.0 977.04 85.5 974.50 14.6 977.24
140 977.34 101.2 976.97 17.0 976.30 87.9 97591 16.5 976.49
150 977.07 19.0 975.79 89.2 976.73 18.0 ' 976.02
17.0 976.28 20.0 975.67 90.4 976.68 20.0 975.66
19.0 975.76 215 975.31 93.0 976.93 21.7 975.33
22.0 975.17 23.0 975.33 96.0 977.05 24.0 975.39
25.0 975.21 25.0 975.38 97.5 977.11 26.0 975.39
28.0 975.19 26.0 975.35 100.0 977.05 28.0 975.38
31.0 975.21 26.5 975.42 101.1 976.97 30.0 97543
34.0 975.26 28.0 975.32 101.2 976.97 32.0 975.47
36.0 975.40 30.0 975.39 34.0 975.60
36.8 97545 320 975.40 35.0 975.74
38.0 975.33 34.0 975.59 36.0 975.79
40.0 975.12 35.0 975.75 37.0 975.65
42.0 974.82 36.0 975.80 38.0 975.55
43.0 974.27 37.0 975.60 38.5 975.38
43.5 974.21 39.0 975.39 40.0 975.03
46.0 974.01 41.0 974.94 41.0 974.75
49.0 973.68 42.6 974.40 42.0 974.40
51.0 973.69 43.0 974.19 43.0 974.10
53.0 973.77 T 450 973.90 434 974.07
56.0 973.75 47.0 973.79 45.0 973.90
59.0 973.77 49.0 973.73 47.0 973.79
62.0 973.78 51.0 973.79 50.0 973.76
65.0 973.76 53.0 973.88 53.0 973.72
68.0 973.68 55.0 973.86 56.0 973.71
71.0 973.74 57.0 973.81 59.0 973.74
74.0 973.80 59.0 973.85 62.0 973.79
770 973.86 61.0 973.78 65.0 973.81
80.0 973.96 63.0 973.65 68.0 973.79
82.0 974.01 65.0 973.74 71.0 973.70
83.0 974.07 67.0 973.79 74.0 973.78
834 974.33 69.0 973.65 77.0 973.86
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Table 19. (Continued) Listing of horizontal stations and elevations for cross section PR151
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1996 1997 1997 1998 1998
19 October 23 September 23 September 23 September 23 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.

80.0 973.96 -09 977.49 69.0 973.77 -0.9 977.49 73.0 973.77
82.0 973.93 0.0 977.52 72.0 973.75 0.0 977.52 75.0 973.85
83.2 974.06 2.0 977.64 75.0 973.82 2.0 977.64 77.0 973.84
83.8 974.13 5.0 977.72 78.0 973.91 4.0 977.74 79.0 973.90
84.5 974.11 8.0 977.69 81.0 973.95 6.0 977.69 80.0 973.96
85.6 974 .51 8.5 977.64 82.8 973.99 8.3 977.69 82.0 973.96
86.0 974.95 9.5 977.26 83.5 974.11 10.0 977.21 83.0 974.02
88.8 976.41 10.0 977.21 84.2 974.01 113 977.28 84.2 974.03
89.3 976.73 10.5 977.22 85.6 974.42 124 97745 84.7 974.19
90.3 976.69 12.0 977.43 86.0 975.04 13.5 97743 85.4 974.35
92.0 976.95 13.0 977.47 87.5 975.78 150 977.11 87.0 975.50
94.0 976.90 14.0 977.35 89.1 976.70 17.0 976.31 89.2 976.72
96.0 977.05 15.0 977.05 90.2 976.69 19.0 975.82 90.3 976.67
98.0 977.11 17.0 976.32 92.0 976.98 21.0 975.50 92.0 977.00
100.0 977.05 19.0 975.82 94.0 976.91 220 975.35 94.0 976.90
101.1 976.97 20.0 975.67 96.0 977.05 24.0 975.40 97.0 977.11
101.2 976.97 20.5 975.70 98.0 977.10 26.0 975.40 100.0 977.05
214 975.36 100.0 977.05 28.0 975.38 101.1 976.96
23.0 975.37 1011 976.97 30.0 975.45 1012 976.95

26.0 975.39 101.2 976.96 320 975.48

28.0 975.38 33.7 975.58

30.0 975.44 34.1 975.72

320 975.46 34.5 975.69

32.9 975.50 36.0 975.69

332 975.67 37.5 975.59

33.7 975.58 39.1 975.21

35.0 975.74 40.7 974.63

36.0 975.79 42.6 974.20

37.0 975.66 45.0 973.94

383 975.41 47.0 973.77

40.0 974.94 490 973.74

41.0 974.71 51.0 973.72

41.5 974 .41 53.0 973.68

42.7 974.11 55.0 973.69

45.0 973.95 57.0 973.62

48.0 973.75 59.0 973.69

51.0 973.73 61.0 973.70

54.0 973.70 63.0 973.70

57.0 973.69 65.0 973.72

60.0 973.49 67.0 973.74

63.0 973.71 . 69.0 973.68

66.0 973.76 71.0 973.72
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Description of Cross Section PR156A

Location: Township 7 South/Range 49 East--section 12
U. S. Geological Survey quadrangle (1:24,000): Huckins School
Landowners--left bank: Gay Ranch
--right bank: Twin Butte Ranch
Access: Right bank
Permission from: Butch Samuelson
Distance from Moorhead Gaging Station: 40.24 kilometers
Azimuth of Section (degrees magnetic): 124.5

Reference Monuments

[Monuments at stations 130.0, 131.0, and 159.2 were closest to leveling instrument)

GPS-NADS83 (1992) Measurement
Elevation
Standard Horizontal
Station deviation precision (NGVD1929)
Description (m) Latitude Longitude (m) (m) (m)
1/2-inch-rebar; 0.27 meter above 1998 ground _141.6 45°14°52.42”  105°40°05.27° 0416 0.660 975.93
level; on old fence line with no wire but
just post made from tree and riverward of a
dike
1/2-inch-rebar; bent, 0.07 meter above 1998 -1.6  45°14°48.99”  105°40°01.06”  0.126 0.534 971.21
ground level; 36.9 meters upstream from
monument at station -4.2 on PR156
1/2-inch-rebar; at 1998 ground level 0.0 971.12
1/2-inch-rebar; at 1998 ground level 130.0 . 971.66
1/2-inch-rebar; bent, 0.18 meter above 1998 131.0 45°14°45.74”  105°39'57.08”  0.463 0.786 971.84
ground level
1/2-inch-rebar; 0.11 meter above 1998 ground  159.2 971.95
level; under a 3-strand barbed-wire fence
Benchmark--brass circular plate; offsection - 45°14°4490”  105°39°56.56”  1.241 0.637 972.17
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Figure 54. Upper: Location of cross section PR156A, bench mark BM-PR156, and the left and
right bank reference monuments in the Huckins School quadrangle. Lower: Location of
the bench mark on the left bank. MN is magnetic north.
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Figure 55. Profiles of cross section PR156A from 1988 to 1992.
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Figure 56. Profiles of cross section PR156A from 1992 to 1996.
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Figure 57. Profiles of cross section PR156A from 1996 to 1998.
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Table 20. Listing of horizontal stations and elevations for cross section PR156A
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1989 1989 1990 1990 1991
20 September 20 September 19 September 19 September 30 August
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-1.6 971.10 66.0 970.47 -1.6 971.10 76.0 970.36 -1.6 971.11
0.0 971.10 68.0 970.52 0.0 971.09 78.0 970.32 0.0 971.10
2.0 971.14 70.0 970.52 1.0 971.13 80.0 970.30 3.0 971.17
40 971.12 72.0 970.47 3.0 971.18 82.0 970.27 5.0 971.15
6.0 971.14 74.0 970.41 5.0 971.12 84.0 970.26 7.0 971.10
8.0 971.10 76.0 970.34 7.0 971.10 86.0 970.25 2.0 971.11
10.0 971.15 78.0 970.30 9.0 971.13 88.0 970.24 10.0 971.13
11.6 971.09 80.0 970.27 11.0 971.15 90.0 970.23 114 971.14
12.3 970.63 82.0 970.55 11.5 971.13 92.0 970.27 124" 970.77
12.6 970.52 84.0 970.23 12.1 970.81 94.0 970.39 13.0 970.31
12.9 970.28 86.0 970.22 124 970.72 95.0 970.47 13.4 970.10
134 970.04 88.0 970.20 13.2 970.09 97.0 970.54 13.7 969.62
13.8 969.61 90.0 970.18 13.3 970.03 99.0 970.52 13.9 969.53
14.9 969.30 92.0 970.28 13.7 969.60 101.0 970.44 14.5 969.34
16.0 969.34 94.0 970.37 14.0 969.47 103.1 970.33 16.0 969.38
18.0 969.30 96.0 970.51 16.0 969.17 104.8 970.52 19.0 969.41
20.0 969.32 98.0 970.52 18.0 969.11 105.8 970.81 220 969.46
22.0 969.37 100.0 970.50 21.0 969.09 106.5 971.29 234 969.51
24.0 969.41 102.0 970.35 24.0 969.05 106.7 971.59 26.0 969.56
26.0 969.44 103.0 970.30 27.0 969.01 108.0 971.90 28.0 969.57
28.0 969.45 104.0 970.46 30.0 969.00 110.0 971.82 30.0 969.55
300 969.44 105.4 970.65 33.0 969.04 113.0 971.89 32.0 969.41
32.0 969.38 106.0 970.94 36.0 969.05 117.0 971.91 34.0 969.28
340 969.38 106.6 971.26 39.0 969.13 118.0 971.77 36.0 969.15
36.0 969.42 106.7 971.51 42.0 969.13 119.0 971.81 38.0 969.06
38.0 969.47 107.0 971.67 45.0 969.18 122.0 971.79 40.0 969.09
40.0 969.54 108.0 971.84 48.0 969.22 125.0 971.63 420 969.11
420 969.55 110.0 971.87 51.0 969.24 128.0 971.68 44.0 969.21
440 969.56 112.0 971.88 54.0 969.32 130.0 971.64 46.0 969.29
46.0 969.31 114.0 971.91 57.0 969.40 1309 971.68 48.0 969.35
48.0 969.17 116.0 971.91 59.0 969.60 50.0 969.35
50.0 969.20 118.0 971.77 59.8 969.77 52.0 969.32
52.0 969.23 120.0 971.80 60.6 970.17 54.0 969.30
54.0 969.29 122.0 971.79 60.9 970.14 56.0 969.42
56.0 969.33 124.0 971.65 62.0 970.43 58.0 969.46
58.0 969.48 126.0 971.65 63.0 970.59 58.5 969.51
59.7 969.60 128.0 971.69 64.0 970.56 59.7 969.65
60.0 969.69 130.0 971.64 66.0 970.51 60.5 970.16
60.8 969.80 130.9 971.67 68.0 970.53 61.3 970.42
62.0 970.29 70.0 970.58 62.0 970.47
62.7 970.44 72.0 970.49 63.0 970.55
64.0 970.53 74.0 970.44 65.0 970.53
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Table 20. (Continued) Listing of horizontal stations and elevations for cross section PR156A
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1991 1992 1992 1993 1993
30 August 31 August 31 August 29 August 29 August

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
67.0 970.54 -1.6 971.10 72.0 970.48 -1.6 971.12 614 970.58
69.0 970.52 0.0 971.10 74.0 970.43 0.0 971.10 62.4 970.86
71.0 970.57 3.0 971.16 76.0 970.37 2.0 971.20 63.5 970.92
73.0 970.46 6.0 971.14 78.0 970.32 3.0 971.16 64.3 97091
75.0 970.40 9.0 971.14 80.0 970.29 5.0 971.15 65.7 970.75
77.0 970.34 10.5 971.16 82.0 970.28 7.0 971.11 67.0 970.73
79.0 970.32 11.0 971.14 84.0 970.27 9.0 971.13 68.0 970.64
81.0 970.29 12.2 970.83 86.0 970.24 10.0 971.15 69.0 970.66
83.0 970.26 12.5 970.79 88.0 970.26 112 971.17 70.0 970.62
85.0 970.26 13.5 970.07 90.0 970.23 12.0 970.90 72.0 970.57
87.0 970.23 13.7 969.62 92.0 970.27 124 970.82 74.0 970.49
89.0 970.24 15.0 969.22 94.0 970.40 133 970.17 76.0 970.43
91.0 970.22 17.0 969.26 96.0 970.53 13.6 969.69 78.0 970.40
92.0 970.26 19.0 969.29 98.0 970.56 14.7 969.27 80.0 970.37
94.0 970.39 21.0 969.29 100.0 970.52 16.0 969.16 82.0 970.35
96.0 970.53 23.0 969.30 102.0 970.37 17.0 969.14 84.0 970.33
98.0 970.54 25.0 969.29 103.0 970.32 19.0 969.16 85.0 970.33
100.0 970.52 27.0 969.27 104.0 970.46 21.0 969.15 86.0 970.31
101.0 970.46 29.0 969.30 105.0 970.61 23.0 969.15 88.0 970.31
103.0 970.32 31.0 969.30 105.8 970.82 25.0 969.19 90.0 970.30
104.0 970.48 33.0 969.29 107.5 971.76 27.0 969.21 92.0 970.34
105.0 970.59 35.0 969.28 108.3 971.86 29.0 969.22 94.0 970.44
1059 970.84 37.0 969.29 110.0 971.87 31.0 969.35 95.0 970.55
107.0 971.64 39.0 969.26 112.0 971.88 33.0 969.45 96.0 970.56
107.8 971.82 41.0 969.26 115.0 971.91 35.0 969.40 98.0 970.56
110.0 971.86 43.0 969.20 118.0 971.78 37.0 969.44 99.0 970.55
112.0 971.89 45.0 969.22 119.0 971.82 39.0 969.49 100.0 970.54
114.0 971.90 47.0 969.22 122.0 971.79 410 969.38 101.0 970.48
116.0 971.90 49.0 969.24 124.0 971.67 43.0 969.28 1023 970.40
118.0 971.77 51.0 969.26 126.0 971.65 450 969.26 103.0 970.34
120.0 971.81 ' 53.0 969.26 128.0 971.69 47.0 969.23 104.0 970.49
122.0 971.80 55.0 969.32 1300 971.64 49.0 969.25 104.9 970.54
124.0 971.65 57.0 969.39 130.9 971.68 51.0 969.18 105.7 970.77
126.0 971.65 59.0 969.52 53.0 969.19 106.1 970.96
128.0 971.70 59.8 969.62 55.0 969.31 106.5 971.12
130.0 971.64 60.2 970.10 57.0 969.40 106.8 971.63
130.9 971.68 60.6 970.26 59.1 969.51 107.4 971.80
62.0 970.47 59.8 969.69 108.0 971.87
64.0 970.53 60.0 969.74 109.0 971.82
66.0 970.50 60.3 970.16 111.0 971.81
68.0 970.54 60.6 970.47 1130 971.87
70.0 970.55 61.0 970.58 115.0 971.93
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Table 20. (Continued) Listing of horizontal stations and elevations for cross section PR156A
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1993 1994 1994 1995 1995
29 August 22 September 22 September 25 September 25 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
117.0 971.87 -20.0 971.00 65.0 970.87 -1.6 971.13 64.0 971.07
119.0 971.84 -18.0 970.79 66.0 970.76 0.0 971.12 65.0 971.12
121.0 971.82 -15.0 970.95 68.0 970.68 20 971.19 67.0 970.92
123.0 971.73 -12.0 971.12 70.0 970.67 4.0 971.14 69.0 970.76
125.0 971.63 9.0 971.23 72.0 970.59 6.0 971.17 71.0 970.76
127.5 971.71 -8.5 971.37 75.0 970.50 8.0 971.14 73.0 970.68
130.0 971.67 -7.0 971.08 78.0 970.40 10.0 971.14 75.0 970.64
130.9 971.68 -4.0 971.11 81.0 970.37 11.0 971.17 77.0 970.57
-1.6 971.12 84.0 970.34 12.0 970.85 79.0 970.54
0.0 971.10 87.0 970.32 12.6 970.56 81.0 970.51
20 971.20 90.0 970.29 12.8 970.22 83.0 970.49
4.0 971.11 92.0 970.34 13.2 970.05 85.0 970.48
6.0 971.14 94.0 970.44 133 969.67 87.0 970.47
8.0 971.11 96.5 970.60 14.0 969.42 89.0 970.45
10.0 971.14 97.0 970.61 16.0 969.15 91.0 970.43
11.0 971.14 99.0 970.57 18.0 969.22 93.0 970.51
12.0 970.89 101.0 970.51 20.0 969.18 95.0 970.63
12.5 970.76 103.0 970.34 220 969.17 96.0 970.66
133 970.16 104.6 970.51 24.0 969.16 98.0 970.68
13.7 969.57 105.5 970.75 26.0 969.14 100.0 970.63
15.5 969.25 106.6 971.14 28.0 969.09 101.0 970.57
18.0 969.33 106.8 971.57 30.0 969.08 102.0 970.51
21.0 969.35 107.4 971.82 32.0 969.15 103.5 970.48
24.0 969.35 108.5 971.88 34.0 969.22 105.0 970.66
27.0 969.29 110.0 971.83 36.0 969.29 106.0 970.99
30.0 969.19 112.5 971.86 38.0 969.38 107.0 971.67
33.0 969.13 115.0 971.92 40.0 969.51 108.0 971.85
36.0 969.11 118.0 971.77 42.0 969.26 110.0 971.87
39.0 969.22 120.0 971.80 43.6 969.67 112.0 971.89
42.0 969.30 123.0 971.72 45.0 969.69 115.0 971.92
45.0 969.35 125.0 971.67 46.5 969.65 118.0 971.78
48.0 969.37 1255 971.78 49.0 969.19 121.0 971.83
51.0 969.39 126.0 971.68 51.0 969.15 124.0 971.67
54.0 969.42 128.0 971.69 53.0 969.18 127.0 971.67
57.0 969.46 130.0 971.66 55.0 969.32 130.9 971.69
59.0 969.57 130.9 971.68 57.0 969.36
59.7 969.63 59.4 969.53
60.1 969.98 59.8 969.67
61.0 970.55 60.9 970.44
61.8 970.63 62.0 970.80
62.4 970.87 62.2 970.93
63.5 970.92 63.0 971.05
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Table 20. (Continued) Listing of horizontal stations and elevations for cross section PR156A
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1996 1996 © 1996 1997 1997
21 October 21 October 21 October 23 September 23 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-1.6 971.14 74.0 970.66 165.0 972.02 -1.6 971.14 79.0 970.55
0.0 971.12 76.0 970.59 170.0 971.98 0.0 971.12 81.0 970.53
2.0 971.19 78.0 970.54 175.0 971.96 2.0 971.20 83.0 970.49
4.0 971.14 80.0 970.54 180.0 972.00 40 971.13 85.0 970.47
6.0 971.17 82.0 970.50 184.0 971.95 7.0 971.15 87.0 970.48
8.0 971.15 84.0 970.46 188.0 971.70 9.0 971.20 89.0 970.43
10.0 971.17 86.0 970.46 189.0 971.82 10.5 971.21 91.0 970.45
10.7 971.18 88.0 970.44 193.0 971.87 10.7 971.05 93.0 970.54
109 971.14 90.0 970.44 195.0 971.74 10.8 970.51 95.0° 970.66
11.1 970.94 92.0 970.47 200.0 971.75 11.7 970.00 97.0 970.67
12.8 969.90 94.0 970.49 129 969.81 99.0 970.66
132 969.80 96.0 970.66 13.2 969.64 101.0 970.58
133 969.59 98.0 970.68 16.0 969.13 103.0 970.48
14.7 969.23 100.0 970.63 19.0 969.15 104.0 970.55
165 969.11 102.0 970.52 22.0 969.25 105.0 970.64
19.0 969.17 103.0 970.47 25.0 969.21 106.1 970.98
220 969.17 104.0 970.57 28.0 969.17 106.5 971.24
25.0 969.19 105.0 970.65 31.0 969.21 107.2 971.74
28.0 969.18 106.0 970.94 34.0 969.22 108.5 971.87
31.0 969.18 106.6 971.33 37.0 969.25 111.1 971.82
34.0 969.12 107.0 971.68 40.0 969.31 114.0 971.93
36.5 969.09 108.0 971.86 43.0 969.31 116.0 971.92
39.0 969.39 109.0 971.85 45.0 969.46 118.0 971.77
40.0 969.25 111.0 971.83 47.0 969.37 121.0 971.83
420 969.23 113.0 971.89 49.0 969.36 124.0 971.66
45.0 969.25 116.0 971.91 52.0 969.38 125.0 971.70
48.0 969.28 - 118.0 971.78 55.0 969.35 127.0 971.68
51.0 969.30 121.0 971.83 57.0 969.38 130.0 971.66
54.0 969.27 - 124.0 971.67 59.0 969.48 130.9 971.67
56.0 969.29 127.0 971.67 60.1 969.63
59.0 969.49 130.0 971.66 60.6 970.15
59.9 969.19 130.9 971.68 61.0 970.42
60.0 969.67 134.0 971.73 62.0 970.77
60.6 970.24 139.0 971.50 63.0 971.04
62.0 970.80 143.0 971.37 64.0 971.11
62.5 970.94 146.0 971.05 65.0 971.08
63.0 971.04 148.0 970.97 67.0 970.88
64.0 971.07 151.0 971.04 69.0 970.80
66.0 970.99 155.0 971.28 71.0 970.78
67.0 970.82 159.0 971.80 73.0 970.70
70.0 970.77 159.2 971.83 75.0 970.63
72.0 970.74 160.0 971.87 77.0 970.58
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Table 20. (Continued) Listing of horizontal stations and elevations for cross section PR156A
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1998 1998

29 September 29 September
Sta. Elev. Sta. Elev.
-1.6 971.14 86.0 970.46
0.0 971.12 88.0 970.44
20 971.18 90.0 970.44
4.0 971.16 92.0 970.47
6.0 971.18 94.0 970.60
8.0 971.14 96.0 970.69
10.2 971.20 98.0 = 970.69
10.3 970.68 100.0 970.65
106  970.39 1020  970.50
10.7 970.12 103.0 970.48
11.8 969.85 104.0 970.58
13.0 969.69 105.8 970.94
16.0 969.15 106.8 971.64
19.0 969.12 107.3 971.76
22.0 969.13 109.0 971.86
250 969.14 112.3 971.88
280 969.09 115.0 971.93
31.0 969.15 117.6 971.77
34.0 969.18 120.0 971.82
370 969.13 123.0 971.71
40.0 969.25 125.0 971.75
430 969.28 128.0 971.72
46.0 969.22 130.0 971.66
49.0 969.26 130.9 971.68
52.0 969.21
55.0 969.26
58.0 969.44
602  969.68
60.4 970.18
61.5 970.53
624 970.94
64.0 971.07
66.0 970.98
68.0 970.83
70.0 970.77
72.0 970.74
74.0 970.66
76.0 970.60
78.0 970.54
80.0 970.53
82.0 970.50
84.0 970.48
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Description of Cross Section PR156

Location: Township 7 South/Range 49 East--section 12
U. S. Geological Survey quadrangle (1:24,000): Huckins School
Landowners--left bank: Gay Ranch
--right bank: Twin Butte Ranch
Access: Right bank
Permission from: Butch Samuelson
Distance from Moorhead Gaging Station: 40.28 kilometers
Azimuth of Section (degrees magnetic): 109.5

Reference Monuments

[Monuments at stations 127.0, 140.0, and 187.9 were closest to leveling instrument]

GPS-NADS3 (1992) Measurement
Elevation
Standard Horizontal
Station deviation precision (NGVD1929)
Description (m) Latitude Longitude (m) (m) (m)
1/2-inch-rebar; 0.20 meter above 1998 ground 47 45°14'49.86”  105°39°59.90”  0.397 0.566 971.31
level; 36.9 meters downstream from mon-
ument at station -1.6 on PR156A
1/2-inch-rebar; 0.01 meter above 1998 ground -1.6 971.05
level
1/2-inch-rebar; 0.16 meter above 1998 ground  127.0 971.78
level
1/2-inch-rebar; 0.19 meter above 1998 ground  140.0 971.74
level
1/2-inch-rebar; 0.18 meter above 1998 ground  187.9 971.86
level; 0.20 meter riverward of 3-strand
barbed-wire fence and 0.36 meter down-
stream from metal fence post near gate
Benchmark--brass circular plate; offsection -~ 45°14°44.90” 105°39°56.56"  1.241 0.637 972.17
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Figure 58. Upper: Location of cross section PR156, bench mark BM-PR156, and the left and
right bank reference monuments in the Huckins School quadrangle. Lower: Location of
the bench mark on the left bank. MN is magnetic north.
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Figure 59. Profiles of cross section PR156 from 1988 to 1992.
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Figure 60. Profiles of cross section PR156 from 1992 to 1996.
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Figure 61. Profiles of cross section PR156 from 1996 to 1998.
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Table 21. Listing of horizontal stations and elevations for cross section PR156
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1989 1989 1990 1990 1990
20 September 20 September 19 September 19 September 19 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-4.2 971.12 64.0 969.55 -4.2 971.11 81.0 969.30 147.0 971.48
-35 970.97 66.0 969.57 -1.6 970.98 83.0 969.17 149.0 971.57
-2.0 971.00 68.0 969.49 0.0 970.82 85.0 969.21 149.9 971.52
-1.6 970.98 70.0 969.50 2.0 971.05 88.0 969.23 151.0 971.14
0.0 970.83 72.0 969.49 4.0 971.10 91.0 969.24 152.1 971.09
2.0 971.03 74.0 969.47 6.0 971.17 93.6 969.31 153.3 971.18
4.0 971.11 76.0 969.49 8.0 971.19 97.0 969.59 154.6 971.16
6.0 971.17 78.0 969.41 10.0 971.17 97.1 969.89 157.0 971.46
8.0 971.21 80.0 969.37 12.0 971.11 98.0 969.96 159.0 971.38
84 971.15 82.0 969.19 14.0 971.12 98.7 970.12 161.0 971.29
10.0 971.17 84.0 969.16 15.0 971.07 99.0 970.08 163.0 971.23
12.0 971.10 86.0 969.22 16.3 971.07 100.0 970.18 165.0 971.03
14.0 971.11 88.0 969.25 17.3 970.82 101.0 970.24 167.0 970.99
16.0 971.07 90.0 969.29 18.1 970.55 102.0 970.29 170.0 970.95
17.0 970.88 92.0 969.36 18.9 970.47 103.0 970.29 172.0 970.93
18.0 970.60 94.0 969.34 19.7 970.16 104.5 970.38 174.0 970.96
19.0 970.43 95.4 969.35 20.2 970.13 105.6 970.21 175.0 971.00
19.5 970.22 96.9 969.61 205 969.98 106.4 970.32 176.4 971.28
20.5 969.96 97.0 969.85 20.7 969.59 108.0 970.33 177.6 971.54
20.7 969.59 99.0 970.12 212 969.40 109.6 970.36 179.0 971.62
215 969.37 101.0 970.21 23.0 969.23 110.0 970.49 182.0 971.68
23.0 969.40 103.0 970.30 25.0 969.09 111.0 970.43 185.0 971.66
250 969.41 105.0 970.28 27.0 969.12 112.0 970.95 188.0 971.68
27.0 969.42 107.0 970.29 30.0 969.05 1124 971.50
29.0 969.33 109.0 970.28 33.0 968.98 1127 97151
31.0 969.33 110.0 970.49 36.0 969.09 1132 971.74
33.0 969.29 110.6 970.40 39.0 969.08 114.0 971.74
35.0 969.36 111.0 970.40 42.0 969.12 116.0 971.78
37.0 969.42 111.6 970.63 45.0 969.11 118.0 971.74
39.0 969.47 112.0 970.94 48.0 969.15 120.0 971.76
410 969.54 112.2 971.48 51.0 969.20 123.0 971.66
43.0 969.49 112.6 971.50 54.0 969.21 125.0 971.72
440 969.44 114.0 971.75 57.0 969.36 127.0 971.60
46.0 969.33 116.0 971.77 60.0 969.45 129.0 971.54
48.0 969.27 118.0 971.72 63.0 969.51 131.0 971.55
50.0 969.21 120.0 971.76 65.0 969.54 133.0 971.51
520 969.17 122.0 971.68 68.0 969.50 135.0 971.44
54.0 969.23 124.0 971.67 70.0 969.51 138.0 971.46
56.0 969.31 125.0 971.73 73.0 969.46 140.0 971.52
58.0 969.39 127.0 971.62 76.0 969.44 141.0 971.64
60.0 969.47 78.0 969.44 143.0 971.66
62.0 969.52 80.0 969.36 145.0 971.47
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Table 21. (Continued) Listing of horizontal stations and elevations for cross section PR156

[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1991 1991 1992 1992 1993
30 August 30 August 31 August 31 August 29 August
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-42 971.11 69.0 969.53 -4.2 971.11 72.0 969.48 -4.2 971.11
-3.5 970.95 71.0 969.50 -3.0 970.97 74.0 969.46 -1.6 971.02
-1.6 970.99 73.0 969.48 -1.6 971.01 76.0 969.45 0.0 970.86
0.0 970.89 75.0 969.48 0.0 970.84 78.0 969.36 2.0 971.01
20 971.02 77.0 969.46 2.0 971.04 80.0 969.33 4.0 971.11
4.0 971.08 79.0 969.42 4.0 971.11 82.0 969.20 6.0 971.21
6.0 971.16 80.3 969.36 6.0 971.20 84.0 969.21 8.0 971.21
9.0 971.15 81.6 969.36 9.0 971.16 86.0 969.23 10.0 971.17
12.0 971.13 82.6 969.20 11.0 97123 88.0 969.24 12.0 971.14
14.0 971.15 84.0 969.18 13.0 971.20 90.0 969.24 14.0 971.14
16.0 971.08 86.0 969.20 15.0 971.10 92.0 969.26 15.0 971.12
16.7 970.96 88.0 969.23 16.3 971.05 94.0 969.31 16.0 971.06
18.0 970.69 90.0 969.27 18.0 970.64 95.8 969.37 17.0 971.03
18.5 970.54 92.0 969.30 19.5 970.38 96.0 969.48 18.0 970.64
20.0 970.23 93.2 969.34 20.0 970.16 96.6 970.04 18.8 970.74
20.6 970.13 94.9 969.61 20.5 969.97 97.0 970.16 19.0 970.59
20.7 969.57 954 970.15 20.7 969.57 98.0 970.23 19.6 970.37
20.9 969.53 97.0 970.11 219 969.33 100.0 970.26 20.3 969.96
220 969.39 99.0 970.23 24.0 969.32 102.0 970.34 20.4 969.62
24.0 969.43 101.0 970.27 26.0 969.31 104.0 970.35 220 969.36
26.0 969.44 103.0 970.37 28.0 969.32 106.0 970.30 24.0 969.30
28.0 969.44 105.0 970.32 30.0 969.32 108.0 970.34 26.0 969.30
29.0 969.41 106.0 970.32 320 969.30 110.0 970.46 28.0 969.32
31.0 969.30 108.0 970.34 340 969.29 111.0 970.43 30.0 969.33
33.0 969.28 109.0 970.32 36.0 969.26 111.7 970.70 32.0 969.32
35.0 969.29 110.0 970.48 38.0 969.24 112.0 971.44 34.0 969.33
37.0 969.28 111.3 970.46 40.0 969.22 113.0 971.62 36.0 969.36
39.0 969.27 111.9 970.81 42.0 969.20 115.0 971.72 38.0 969.33
41.0 969.25 1123 971.48 44.0 969.17 117.0 971.72 40.0 969.32
43.0 969.22 113.0 971.64 46.0 969.15 120.0 971.73 42.0 969.26
45.0 969.24 114.0 971.75 48.0 969.15 1220 971.66 440 969.18
47.0 969.16 117.0 971.73 50.0 969.22 125.0 971.73 46.0 969.12
49.0 969.18 120.0 971.76 520 969.21 127.0 971.71 43.0 969.16
51.0 969.22 123.0 971.66 54.0 969.24 50.0 969.22
53.0 969.23 125.0 971.72 56.0 969.30 52.0 969.26
55.0 969.26 127.0 971.62 58.0 969.39 54.0 969.29
57.0 969.35 60.0 969.45 56.0 969.35
59.0 969.42 62.0 969.50 58.0 969.41
61.0 969.48 64.0 969.53 60.0 969.47
62.8 969.53 66.0 969.52 62.0 969.50
65.0 969.52 68.0 969.51 64.0 969.49
67.0 969.53 70.0 969.48 66.0 969.58
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Table 21. (Continued) Listing of horizontal stations and elevations for cross section PR156
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1993 1994 1994 1995 1995
29 August 22 September 22 September 25 September 25 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
67.0 969.58 -4.2 971.10 80.0 969.32 -4.2 971.11 72.0 969.48
68.8 969.32 -3.5 970.98 83.0 969.24 -1.6 971.04 74.0 969.42
71.7 969.48 -1.6 971.03 86.0 969.21 0.0 970.94 76.0 969.40
73.0 969.43 -0.5 971.03 89.0 969.20 1.0 970.94 78.0 969.36
75.0 969.45 -0.1 970.93 92.0 969.27 3.0 971.07 80.0 969.34
77.0 969.43 0.3 970.86 94.0 969.27 5.0 971.17 82.0 969.27
79.0 969.35 2.0 971.04 96.5 969.43 7.0 971.18 84.0 969.26
81.0 969.30 4.0 971.11 97.0 970.23 9.0 971.17 86.0 969.21
83.0 969.22 6.0 971.18 98.0 970.31 11.0 971.21 88.0 969.19
85.0 969.20 9.0 971.16 100.0 970.38 13.0 971.21 90.0 969.18
87.0 969.21 11.0 971.20 102.0 970.41 150 971.14 92.0 969.23
89.0 969.22 12.0 971.15 104.0 970.44 16.5 971.06 94.0 969.26
91.0 969.26 14.0 971.16 106.0 970.39 18.0 970.79 96.0 969.27
93.0 969.29 16.4 971.06 108.0 970.42 19.0 970.54 96.8 969.32
95.0 969.33 18.4 970.66 1100 970.53 19.8 969.96 97.3 970.53
96.0 969.35 18.8 970.68 111.0 970.49 20.0 969.96 99.0 970.59
96.4 969.40 204 969.97 112.0 971.07 20.3 969.66 101.0 970.63
96.5 969.96 20.5 969.59 112.3 971.46 21.0 969.34 101.4 970.41
96.7 970.27 © 230 969.36 113.0 971.68 230 969.24 1019 970.62
98.0 970.38 260 969.29 114.5 971.77 25.0 969.26 103.0 970.66
100.0 970.37 29.0 969.19 117.0 971.72 27.0 969.27 105.0 970.62
102.0 970.41 32.0 969.17 119.0 971.74 29.0 969.31 107.0 970.60
104.0 970.41 35.0 969.16 122.0 971.67 310 969.31 109.0 970.58
106.0 970.38 38.0 969.19 124.5 971.70 33.0 969.31 110.0 970.64
108.0 970.42 41.0 969.19 127.0 971.62 35.0 969.32 111.0 970.59
109.0 970.38 44.0 969.16 37.0 969.32 112.0 971.04
110.0 970.50 46.0 969.16 39.0 969.32 113.0 971.63
111.0 970.44 49.0 969.29 41.0 969.31 114.0 971.76
1115 970.59 52.0 969.32 43.0 969.31 117.0 971.74
111.8 970.77 55.0 969.41 45.0 969.32 120.0 971.78
112.0 970.99 58.0 969.43 47.0 969.34 123.0 971.70
112.3 971.46 61.0 969.49 49.0 969.34 127.0 971.62
113.0 971.69 64.0 969.53 51.0 969.33
115.0 971.74 66.0 969.53 53.0 969.31
117.0 971.73 67.0 969.51 55.0 969.26
119.0 971.73 . 68.5 969.39 57.0 969.36
121.0 971.76 69.0 969.73 59.0 969.42
123.0 971.67 69.4 970.04 61.0 969.46
125.0 971.72 71.0 970.19 63.0 969.47
127.0 971.61 72.0 969.55 65.0 969.47
74.0 969.42 68.0 969.53
77.0 969.36 70.0 969.49
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Table 21. (Continued) Listing of horizontal stations and elevations for cross section PR156
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1996 1996 1997 1997 1998

21 October 21 October 23 September 23 September 29 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-42 971.10 97.1 970.54 -4.2 971.12 96.9 970.32 -4.2 971.12
-3.0 971.01 99.0 970.61 -3.0 970.99 98.0 970.44 -3.0 971.01
0.0 970.89 10L.0 970.61 0.0 970.98 100.0 970.60 -1.6 971.04
2.0 971.04 101.5 970.46 0.5 970.88 101.7 970.45 0.0 970.93
5.0 971.18 103.0 970.63 3.0 971.08 102.5 970.64 20 971.05
8.0 971.22 105.0 970.61 6.0 971.21 105.0 970.63 5.0 971.18
11.0 971.26 107.0 970.64 7.0 971.16 1075 970.62 8.0 971.21
14.0 971.19 109.0 970.56 9.0 971.16 1105 970.62 11.0 971.29
16.0 971.12 110.9 970.56 11.0 971.28 111.2 970.69 13.0 971.22
17.0 970.96 1114 970.70 14.0 971.19 112.4 971.44 15.0 971.16
17.7 970.68 112.0 971.41 16.0 971.12 113.3 971.74 17.1 971.00
18.3 970.52 113.0 971.66 17.3 970.98 115.0 971.75 17.4 970.75
19.0 970.00 114.0 971.73 18.5 970.40 118.0 971.75 18.0 970.34
20.0 969.60 117.0 971.74 18.7 969.98 121.0 971.77 18.3 969.95
220 969.24 120.0 971.75 19.1 969.79 124.0 971.68 19.8 969.67
25.0 969.26 123.0 971.67 20.0 969.62 127.0 971.62 220 969.24
28.0 969.28 127.0 971.63 22.0 969.26 250 969.29
31.0 969.32 130.0 971.57 25.0 969.26 28.0 969.29
34.0 969.35 133.0 971.57 28.0 969.27 31.0 969.25
37.0 969.36 138.0 971.44 31.0 969.26 34.0 969.28
40.0 969.30 140.0 971.50 34.0 969.28 . 37.0 969.22
43.0 969.13 37.0 969.27 40.0 969.15
46.0 969.06 : 40.0 969.31 43.0 969.07
49.0 969.10 43.0 969.35 46.0 969.14
52.0 969.14 46.0 969.35 ' 49.0 969.09
55.0 969.24 ' 49.0 969.34 52.0 969.14
58.0 969.39 52.0 969.26 55.0 969.23
61.0 969.40 55.0 969.24 580 969.37
64.0 969.46 58.0 969.34 61.0 969.44
66.0 969.51 61.0 969.41 64.0 969.42
68.0 969.52 64.0 969.44 67.0 969.47
70.0 969.45 67.0 969.47 70.0 969.48
73.0 969.44 70.0 969.45 73.0 969.44
76.0 969.43 73.0 969.45 76.0 969.39
79.0 969.37 76.0 969.42 79.0 969.34
82.0 969.29 79.0 969.35 82.0 969.24
850 969.20 82.0 969.30 85.0 969.17
88.0 969.16 85.0 969.27 88.0 969.16
91.0 969.21 88.0 969.20 91.0 969.09
94.0 969.29 91.0 969.23 94.0 969.09
96.0 969.25 94.0 969.24 954 - 968.89
97.0 970.33 96.7 969.18 97.6 970.03
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Table 21. (Continued) Listing of horizontal stations and elevations for cross section PR156
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1998

29 September
Sta. Elev.
97.6 970.51
99.0 970.56
102.0 970.60
105.0 970.63
108.0 970.64
111.0 970.61
111.7 970.82
1122 971.41
114.0 971.76
117.0 971.75
119.0 971.75
121.5 971.75
124.0 971.67
127.0 971.60
130.0 97152
135.0 971.42
140.0 971.57
187.9 971.69
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Description of Cross Section PR163

Location: Township 6 South/Range 50 East--section 32
U. S. Geological Survey quadrangle (1:24,000): Yarger Butte
Landowners--left bank: Gay Ranch
--right bank: Gay Ranch
Access: Left bank
Permission from: Gay Ranch
Distance from Moorhead Gaging Station: 48.30 kilometers
Azimuth of Section (degrees magnetic):151

Reference Monuments

[Monument at station -88.0 was closest to leveling instrument]

GPS-NAD83 (1992) Measurement
Elevation
Standard Horizontal
Station deviation precision (NGVD1929)
Description (m) Latitude Longitude (m) (m) (m)

Benchmark--brass circular plate -122.0 45°16’12.70”  105°37°52.08”  0.191 0.532 965.53

1/2-inch-rebar; 0.23 meter above 1998 ground  _gg.0 965.61
level

1/2-inch-rebar; 0.04 meter below 1998 ground 3090 064.21
level

1/2-inch-rebar; 0.11 meter above 1998 ground 500 45°16°07.31”  105°37°50.04”  0.426 0.632 964.09
level

1/2-inch-rebar; 0.10 meter above 1998 ground 75.0 064.42
level

1/2-inch-rebar; 0.08 meter above 1998 ground 110.9 964.55
level
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Figure 62. Upper: Location of cross section PR163, bench mark BM-PR163, and the left and
right bank reference monuments in the Yarger Butte quadrangle. Lower: Location of the
bench mark on the left bank. MN is magnetic north.
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Figure 63. Profiles of cross section PR163 from 1988 to 1992.
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Table 22. Listing of horizontal stations and elevations for cross section PR163
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1989 1989 1990 1990 1990

22 September 22 September 21 September 21 September 21 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-73.0 965.28 9.0 963.53 -73.0 965.29 -12.8 963.39 66.8 963.66
-71.0 965.15 -7.0 963.57 -71.0 965.15 -12.0 963.52 67.7 963.78
-70.0 965.16 -5.0 963.62 -70.0 965.16 -10.6 963.56 69.0 964.05
-68.0 965.26 -3.0 963.61 -68.0 965.26 9.7 963.63 71.0 964.19
-67.0 965.36 -1.0 963.64 -67.0 965.38 -8.2 963.53 73.0 964.18
-65.0 965.32 0.0 963.62 -65.0 965.31 -6.0 963.60 75.0 964.27
-62.4 964.69 2.0 963.45 -64.0 965.15 -4.0 963.64 66.8 963.66
-62.3 963.17 4.0 963.41 -62.4 964.73 20 963.66 67.7 963.78
-61.0 962.55 6.0 963.43 -62.5 963.02 0.0 963.61 69.0 964.05
-60.0 962.26 8.0 963.41 -62.0 962.93 2.0 963.46 71.0 964.19
-59.3 962.16 9.0 963.37 -60.6 962.41 4.0 963.42 73.0 964.18
-57.0 961.98 10.0 963.27 -59.6 962.19 6.0 963.44 75.0 964.27
-55.0 9261.85 12.0 963.28 -58.0 962.03 8.0 963.42

-53.0 9261.71 14.0 963.07 -56.0 961.85 9.0 963.39

-51.0 961.64 15.0 963.12 -54.0 961.80 10.0 963.26

-49.0 961.81 17.0 963.36 -52.5 961.65 120 963.24

-47.0 961.85 19.0 963.64 -51.0 961.82 13.0 963.13

-45.0 961.88 21.0 963.88 -49.0 961.92 14.0 963.09

-43.0 961.99 22.0 963.99 -47.0 961.99 15.0 963.13

-41.0 962.02 25.0 964.07 -45.0 962.03 16.0 963.25

-39.0 962.09 28.0 964.13 -43.0 962.04 18.0 963.52

-37.0 962.11 31.0 964.15 -41.0 962.03 204 963.81

-35.0 962.11 34.0 964.19 -39.0 962.03 22.0 963.98

-33.0 962.10 37.0 964.17 -370 962.04 240 964.05

-31.0 962.09 40.0 964.11 -35.0 962.05 26.0 964.10

-29.0 962.09 43.0 964.08 -33.0 961.80 29.0 964.13

-27.0 962.03 45.0 964.04 -31.0 961.90 320 964.16

-25.0 961.97 48.0 963.99 -29.0 961.98 35.0 964.18

-24.0 961.95 50.0 96391 -27.8 962.08 38.0 964.15

-22.0 962.10 52.0 963.75 -27.0 962.17 41.0 964.09

-20.3 962.16 54.0 963.76 -26.3 962.18 440 964.07

-18.7 962.37 57.0 963.79 -25.6 962.39 47.0 963.97

-18.3 962.55 60.0 963.76 -24.0 962.49 49.0 963.95

-17.7 962.58 62.0 963.71 -22.0 962.68 51.0 963.81

-17.4 962.66 64.0 963.74 -19.6 962.79 53.0 963.75

-17.0 962.65 66.8 963.65 -19.0 962.73 55.0 963.78

-15.5 962.71 69.0 964.03 -183 962.76 57.0 963.79

-149 962.66 71.0 964.18 -17.3 962.92 58.0 963.82

-13.7 962.90 73.0 964.17 -16.0 963.10 59.0 963.80

-12.7 963.41 75.0 964.27 -15.0 963.15 61.0 963.74

-12.0 963.50 -14.4 963.20 63.0 963.66

-11.0 963.55 -135 963.08 65.0 963.63
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Table 22. (Continued) Listing of horizontal stations and elevations for cross section PR163

[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1991 1991 1992 1992 1992
31 August 31 August 27 August 27 August 27 August

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-73.0 965.29 -10.0 963.62 -73.0 965.29 -133 963.40 71.0 964.18
-71.0 965.16 -8.0 963.52 -712.0 965.21 -12.0 963.54 73.0 964.18
-70.0 965.16 -6.0 963.60 -70.0 965.17 -10.0 963.64 75.0 964.28
-69.0 965.25 -4.0 963.66 -68.0 965.26 -8.0 963.54

-68.0 965.27 -2.0 963.65 -67.0 965.38 -6.0 963.60

-67.0 965.37 0.0 963.64 -66.0 965.34 -4.0 963.63

-65.5 965.28 2.0 963.47 -65.5 965.26 -2.0 963.66

-65.4 964.59 4.0 963.42 -65.4 964.48 0.0 963.61

-64.9 963.90 6.0 963.45 -65.4 964.58 20 963.47

-64.4 963.35 8.0 963.42 -64.6 963.22 40 963.43

-63.9 962.96 10.0 963.28 -64.0 962.78 6.0 963.44

-63.6 962.88 12.0 963.30 -63.5 962.64 8.0 963.42

-62.0 962.28 14.0 963.10 -63.0 962.56 10.0 963.28

-60.9 962.07 15.0 963.12 -62.0 962.30 12.0 963.29

-60.0 961.91 17.0 963.34 -61.0 961.98 14.0 963.11

-58.6 961.92 19.0 963.60 -59.2 961.94 15.0 963.15

-57.0 961.83 21.0 963.87 -57.0 961.98 16.0 963.27

-55.0 961.89 22.0 963.96 -55.0 962.02 18.0 963.52

-53.0 961.85 24.0 964.04 -53.0 962.02 20.0 963.74

-51.0 961.89 26.0 964.08 -51.0 962.03 21.0 963.89

-50.4 962.06 29.0 964.14 -49.0 962.05 22.0 963.99

-48.0 962.09 320 964.15 -47.0 961.99 240 964.05

-46.0 962.11 350 964.18 -45.0 962.02 270 964.11

-44.0 962.12 38.0 964.15 -43.0 962.09 30.0 964.14

-42.0 962.14 41.0 964.08 -41.0 962.17 33.0 964.18

-40.0 962.07 44.0 964.07 -390 962.16 36.0 964.18

-38.0 962.09 47.0 963.97 -37.0 962.16 39.0 964.11

-36.0 962.08 50.0 963.90 -35.0 962.17 420 964.08

-355 962.30 52.0 963.75 -33.0 962.12 440 964.10

-33.0 962.39 54.0 963.75 -31.0 962.06 46.0 964.00

-31.0 962.44 56.0 963.78 -29.0 962.05 48.0 963.99

-29.0 962.45 58.0 963.80 -27.0 962.03 50.0 963.88

-27.0 962.43 60.0 963.76 -25.0 962.01 520 963.75

-25.0 962.42 62.0 963.71 -23.0 962.01 53.0 963.74

-23.0 962.37 64.0 963.63 -21.0 962.14 550 963.78

-21.0 962.33 66.0 963.63 -19.0 962.23 57.0 963.79

-19.0 962.34 66.5 963.59 -18.0 962.29 59.0 963.79

-17.0 962.29 67.0 963.67 -17.0 962.23 61.0 963.73

-16.4 962.33 69.0 964.01 -16.6 962.29 63.0 963.67

-15.0 963.01 71.0 964.15 -15.7 962.64 66.0 963.64

-13.2 963.38 73.0 964.16 150 963.08 67.0 963.70

-11.0 963.57 75.0 964.27 -143 963.24 69.0 964.05
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Table 22. (Continued) Listing of horizontal stations and elevations for cross section PR163
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1993 1993 1993 1994 1994

30 August 30 August 30 August 21 September 21 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-75.0 965.52 -13.8 963.62 64.0 963.65 -73.0 965.29 8.0 963.48
-73.0 965.29 -13.1 963.73 66.0 963.65 -72.0 965.21 10.0 963.35
-71.0 965.16 -12.0 963.69 67.0 963.69 -71.0 965.16 12.0 963.33
-69.0 965.26 -10.0 963.71 67.7 963.86 -70.0 965.17 14.0 963.19
-67.5 965.28 -9.0 963.61 69.0 964.03 -68.3 965.24 15.0 963.21
-67.5 964.08 -8.0 963.59 71.0 964.16 -68.0 964.36 16.0 963.32
-67.2 963.49 -6.0 963.64 73.0 964.18 -66.5 963.25 17.0 963.43
-66.5 963.23 -4.0 963.68 -65.9 963.01 i8.0 963.58
-66.3 963.04 -2.0 963.68 -64.5 962.24 20.0 963.78
-65.4 962.97 0.0 963.65 -63.6 961.92 220 964.00
-65.1 962.81 1.0 963.59 -62.0 962.03 25.0 964.07
-65.0 962.63 2.0 963.50 -59.0 962.02 27.5 964.13
-64.7 962.42 4.0 963.47 -56.0 962.03 30.0 964.13
-63.0 961.98 6.0 963.49 -53.0 962.06 33.0 964.18
-61.0 961.97 8.0 963.46 -49.0 962.09 36.0 964.18
-59.0 961.82 10.0 963.32 -46.0 962.04 39.0 964.12
-57.0 961.72 12.0 963.31 -43.0 962.00 42.0 964.07
-55.0 961.73 13.8 963.16 -40.0 961.98 45.0 964.03
-53.0 961.74 15.0 963.19 -374 962.00 48.0 963.99
-50.6 962.23 16.5 963.36 -36.5 962.24 51.0 963.83
-49.0 962.23 18.0 963.56 -36.2 962.31 54.0 963.76
-47.0 962.17 20.0 963.76 -36.1 962.46 57.0 963.78
-45.0 962.18 21.5 963.96 -34.0 962.52 60.0 963.78
-43.0 962.14 23.0 964.02 -31.0 962.52 63.0 963.70
-41.0 962.17 25.0 964.06 280  962.54 65.5 963.66
-39.0 962.21 28.0 964.14 -25.0 962.53 67.0 963.70
-37.0 962.22 30.0 964.13 -22.0 962.48 68.0 963.92
-35.0 962.21 31.0 964.14 -19.0 962.48 70.0 964.13
-33.0 962.25 34.0 963.87 -17.6 962.53 72.5 964.17
-31.6 962.37 37.0 963.86 -17.1 962.64 75.0 964.29
-31.5 962.48 40.0 964.10 -16.5 962.54
-30.0 962.50 42.0 964.08 -15.7 962.79
-28.0 962.50 440 964.07 -154 963.08
-25.7 962.48 46.0 963.99 -14.8 963.20
-24.0 962.40 47.0 963.96 -13.5 963.75
-22.0 962.38 49.0 963.95 -12.0 963.72
-20.0 962.37 50.0 963.89 -9.0 963.63
-18.0 962.37 520 963.76 -6.0 963.65
-16.2 962.35 55.0 963.79 3.0 963.70
-15.7 962.54 57.0 963.77 0.0 963.67
-15.3 962.95 60.0 963.77 2.0 963.52
-14.3 963.36 62.0 963.73 5.0 963.49
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Table 22. (Continued) Listing of horizontal stations and elevations for cross section PR163
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1995 1995 1995 1996 1996

25 September 25 September 25 September 24 October 24 October
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-88.0 965.39 -15.1 963.03 58.0 963.85 -88.0 965.39 0.0 963.89
-86.0 965.01 -13.2 963.90 60.0 963.85 -85.0 964.70 20 963.72
-84.0 964.60 -12.0 964.00 62.0 963.85 -84.0 964.61 5.0 963.70
-83.0 964.68 -10.0 964.04 65.0 963.68 -83.0 964.69 8.0 963.68
-81.0 965.16 -8.0 964.04 66.0 963.71 -81.0 965.18 11.0 963.55
-79.0 965.46 -6.0 963.90 67.0 963.76 -79.0 965.45 13.0 963.52
-77.0 965.69 -5.0 963.88 68.0 963.95 -77.0 965.69 15.5 963.48
-75.0 965.54 -4.0 963.97 70.0 964.16 -76.7 965.67 17.5 963.62
-73.0 965.29 -3.0 963.90 72.0 964.17 -76.7 963.97 19.0 963.77
-71.7 965.20 2.0 963.92 -74.8 962.47 21.0 963.95
-71.5 963.67 0.0 963.80 -73.6 962.35 23.0 964.09
-70.5 963.25 0.7 963.85 -12.7 961.94 26.0 964.17
-69.8 962.83 2.0 963.68 -70.0 961.92 280 964.21
-69.0 962.44 4.0 963.64 -67.0 961.93 30.0 964.22
-68.0 962.09 6.0 963.65 -64.0 962.10 33.0 964.25
-66.0 962.10 8.0 963.64 -61.0 962.21 36.0 964.26
-64.0 962.12 10.0 963.54 -58.0 962.32 39.0 964.21
-62.0 962.09 11.0 963.50 -55.0 962.36 42.0 964.15
-60.0 962.02 13.0 963.49 -52.0 962.35 46.0 964.06
-58.0 961.82 15.0 963.47 -49.0 962.33 50.0 963.95
-56.0 962.10 17.0 963.53 -46.5 962.01 54.0 963.80
-54.0 962.24 18.0 963.67 -44.0 961.99 57.0 963.86
-52.0 962.26 20.0 963.84 -41.0 962.24 60.0 963.87
-50.0 962.21 22.0 964.03 -38.0 962.29

-48.0 962.18 24.0 964.09 : -36.8 962.40

-46.0 962.11 26.0 964.14 -36.0 962.35

-44.0 962.14 28.0 964.16 -33.0 962.27

-42.0 962.12 30.0 964.20 -30.0 962.45

-40.0 962.06 32.0 964.24 -29.0 962.63

-38.0 962.16 34.0 964.26 -27.0 962.66

-35.6 962.29 35.0 964.28 -25.0 962.61

-35.0 962.45 37.0 964.20 -22.0 962.74

-34.4 962.66 39.0 964.16 -21.0 962.71

-32.0 962.70 41.0 964.13 -19.0 962.91

-30.0 962.71 43.0 964.12 -17.0 962.90

-28.0 962.62 45.0 964.14 -15.5 962.96

-26.0 962.62 46.0 964.04 -140 963.64

-24.0 962.66 48.0 964.02 -13.0 963.90

-220 962.75 50.0 963.93 -10.0 964.08

-20.0 962.88 520 963.82 -8.0 964.06

-18.0 962.99 54.0 963.78 -5.0 963.99

-16.0 962.91 56.0 963.84 -2.0 963.98
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Table 22. (Continued) Listing of horizontal stations and elevations for cross section PR163
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1997 1997 1998 1998

22 September 22 September 28 September 28 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-88.0 965.39 2.0 963.76 -100.0 965.12 2.0 963.76
-86.5 965.11 4.0 963.76 -97.0 965.21 4.0 963.72
-840 964.61 6.0 963.70 -94.0 965.39 7.0 963.75
-83.0 964.69 8.0 963.69 -91.0 965.42 10.0 963.62
-80.0 965.30 10.0 963.60 -88.0 965.39 13.0 963.54
1.7 965.57 12.0 963.61 -86.0 965.03 15.0 963.52
-775 963.62 14.0 963.55 -83.7 964.61 17.0 963.61
-76.6 963.17 15.7 963.51 -82.0 964.92 20.0 963.87
-76.5 962.72 17.0 963.60 -80.0 965.29 230 964.10
-76.3 962.50 18.0 963.72 -79.0 965.42 26.0 964.18
-75.3 961.96 20.0 963.87 -79.0 964.13 28.0 964.22
-72.0 962.06 23.0 964.09 -78.0 963.28 30.0 964.24
-70.0 962.15 26.0 964.19 -76.9 962.65 33.0 964.26
-67.0 962.20 28.0 964.22 -75.0 961.99 36.0 964.27
-64.0 96221 30.0 964.23 -73.0 961.70 39.0 964.21
-61.0 962.12 33.0 964.25 -71.0 961.65 42.0 964.16
-59.0 962.16 36.0 964.27 -68.5 962.01 450 964.17
-56.0 962.12 39.0 964.22 -66.0 962.14 48.0 964.07
-53.0 962.13 42.0 964.16 -63.0 962.21 50.0 963.98
-50.0 962.17 440 964.15 -60.0 962.20 53.0 963.85
-47.0 962.15 46.0 964.08 -57.0 962.22 56.0 963.87
-44.0 962.14 48.0 964.07 -54.0 962.22 59.0 963.88
-41.5 962.12 50.0 963.97 -51.0 962.17 62.0 963.86
-40.0 962.35 © -48.0 962.30 65.0 963.71
-37.0 962.38 -45.0 962.32 67.0 963.79
-34.0 962.35 -42.0 962.35 69.0 964.07
-31.0 962.41 -39.0 962.25 720 964 .20
-28.5 962.48 -36.0 962.28 75.0 964.32
-26.0 962.49 -33.0 962.48
-23.0 962.61 -30.0 962.53
-20.0 962.78 -27.0 962.52
-17.0 962.80 247 962.65
-154 962.89 -22.0 962.72
-14.6 963.38 -19.0 962.86
-13.8 963.72 -15.8 962.96
-12.0 963.99 -14.8 963.20
-10.0 964.10 -13.0 963.94

-8.0 964.08 -11.0 964.04

-6.0 964.00 -8.0 964.06

-4.0 964.03 -5.0 964.01

2.0 964.00 -2.0 963.99

0.0 963.92 0.0 963.92

177



Description of Cross Section PR164.8

Location: Township 6 South/Range 50 East--section 28
U. S. Geological Survey quadrangle (1:24,000): Lonesome Peak
Landowners--left bank: U. S. Government
--right bank: U. S. Government
Access: Left bank
Permission from: Gay Ranch
Distance from Moorhead Gaging Station: 49.6 kilometers
Azimuth of Section (degrees magnetic): 185

Reference Monuments

[Monuments at stations -1.5 and 0.0 were closest to leveling instrument]

GPS-NADS3 (1992) Measurement

Elevation
Standard Horizontal
Station deviation precision (NGVD1929)
Description (m) Latitude Longitude (m) (m) (m)
1/2-inch-rebar; 0.17 meter above 1998 ground -1.5  45°16’39.98” 105°36'35.00” 0.413 0475 962.75
level;
1/2-inch-rebar; 0.15 meter above 1998 ground 0.0 962.61
level;
1/2-inch-rebar; 0.10 meter above 1998 ground 121.0 961.37
level; 1.4 meters downstream from a 10-
meter high willow tree (tallest of two wil-
low tress among lower cottonwood trees)
1/2-inch-rebar; 0.17 meter above 1998 ground 1500  45°16°35.38”  105°36°37.31”  0.664 0.957 962.29
level; at riverward edge of 15-20 meter
high cottonwood trees
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See Figure 8 for location
of cross section

PR164.8
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Figure 66. Upper: Location of cross section PR164.8 is shown in figure 8. Lower: Location of
the reference monument on the left bank. MN is magnetic north.
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ELEVATION, IN METERS ABOVE SEA LEVEL
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Figure 67. Profiles of cross section PR164.8 from 1986 to 1998.
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Table 23. Listing of horizontal stations and elevations for cross section PR164.8
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1986 1986 1992 1992 1998
25 August 25 August 30 August 30 August 1 October
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-63.0 963.55 74.0 959.53 -15 962.57 67.0 959.14 -1.5 962.58
-1.5 962.57 75.5 959.50 0.0 962.56 69.0 959.20 0.0 962.56
0.0 962.56 76.8 959.83 20 962.54 71.0 959.27 3.0 962.46
24 962.49 76.9 960.31 3.0 962.46 724 959.34 6.0 962.60
4.0 962.51 71.2 960.39 5.0 962.56 73.3 959.43 9.0 962.54
6.2 962.62 78.0 960.37 7.0 962.63 740 959.50 12.0 962.53
6.7 962.74 80.0 960.29 9.0 962.53 754 959.65 15.0 962.56
73 962.60 82.0 960.21 11.0 962.53 76.8 960.11 18.1 962.61
9.0 962.53 83.0 960.30 13.0 962.57 774 960.20 21.0 962.24
12.0 962.53 85.5 960.20 15.0 962.55 782 960.25 23.0 962.56
15.0 962.57 86.3 960.10 17.0 962.59 78.7 960.37 25.0 962.51
18.0 962.59 89.0 960.14 18.1 962.59 80.0 960.41 269 962.56
19.0 962.49 92.0 960.11 19.0 962.49 80.5 960.48 272 960.74
21.0 962.25 95.0 960.07 210 962.21 81.8 960.39 282 960.15
23.0 962.55 98.0 960.05 23.0 962.55 83.0 960.44 29.8 959.69
24.0 962.59 100.5 959.93 25.0 962.53 85.0 960.40 30.5 959.53
27.0 962.61 103.0 960.49 27.0 962.61 87.0 960.39 33.0 959.14
30.0 962.62 105.0 960.46 29.0 962.67 89.0 960.40 345 958.64
30.8 962.62 107.0 960.39 30.1 962.62 91.0 960.33 37.0 958.66
30.8 962.34 109.0 960.68 302 962.30 93.0 960.35 40.0 958.88
31.2 961.83 111.0 961.05 30.6 961.98 95.0 960.33 43.0 958.81
323 961.04 113.0 961.26 30.7 961.46 97.0 960.27 46.0 958.99
323 960.34 115.0 961.25 32.0 960.02 99.7 960.17 49.0 958.87
32.6 960.30 117.0 961.30 325 959.85 100.8 960.27 520 959.08
327 959.79 119.0 961.16 327 959.43 102.0 960.62 55.0 959.27
332 959.39 121.0 961.24 332 959.07 104.0 960.65 58.0 959.35
345 958.99 123.0 961.24 35.0 959.14 1044 96055 61.0 959.25
36.0 959.08 125.0 961.29 370 959.18 106.0 960.53 64.0 959.19
39.0 959.20 127.0 961.29 39.0 959.17 107.0 960.47 66.0 959.46
420 959.20 130.0 961.41 41.0 959.26 109.0 960.71 69.0 959.43
45.0 959.25 133.0 961.52 43.0 959.33 111.0 961.05 72.0 959.43
48.0 959.28 135.0 961.54 45.0 959.31 113.0 961.27 73.1 959.52
51.0 959.24 137.0 961.51 47.0 959.29 115.0 961.27 73.7 959.63
54.0 959.24 139.0 961.51 49.0 959.29 117.0 961.31 76.0 959.61
57.0 959.25 141.0 961.80 51.0 959.28 119.0 961.18 71.6 959.73
60.0 959.30 1420 961.82 53.0 959.27 121.0 961.26 782 959.82
63.0 959.30 144.0 962.06 55.0 959.20 78.6 960.45
65.0 959.13 146.0 962.08 57.0 959.22 80.0 960.95
66.0 959.05 148.0 962.18 '59.0 959.05 82.0 961.25
69.0 959.08 150.0 962.14 61.0 959.07 84.0 961.29
71.0 959.26 63.0 959.11 86.0 961.15
727 959.39 65.0 959.08 88.0 961.03
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Table 23. (Continued) Listing of horizontal stations and elevations for cross section PR164.8
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1998
1 October

Sta. Elev.

90.0 960.94

92.0 960.94

94.0 961.12

96.0 961.04

98.0 960.86
100.0 960.80
101.5 960.71
103.0 960.85
106.0 960.74
108.0 960.75
110.0 960.92
1120 961.20
114.0 961.34
116.0 961.33
119.0 961.21
121.0 961.27
124.0 961.30
127.0 961.32
130.0 961.40
133.0 961.53
136.0 961.58
139.0 - 961.54
142.0 961.80
145.0 962.09
148.0 962.16
150.0 962.13
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Description of Cross Section PR165.6

Location: Township 6 South/Range 50 East--section 28
U. S. Geological Survey quadrangle (1:24,000): Lonesome Peak
Landowners--left bank: Gay Ranch
--right bank: Daily Ranch
Access: Left bank
Permission from: Gay Ranch
Distance from Moorhead Gaging Station: 50.4 kilometers
Azimuth of Section (degrees magnetic): 105

Reference Monuments

[Monuments at stations -7.3 and -1.0 were closest to leveling instrument]

GPS-NAD83 (1992) Measurement
Elevation
Standard Horizontal
Station deviation precision (NGVD1929)
Description (m) Latitude Longitude (m) (m) {m)

1/2-inch-rebar; 0.10 meter above 1998 ground .73  45°16'49.90” 105°36°13.39”  0.334 0.513 961.60

level; under 3-strand, barbed-wire fence

with tree posts
1/2-inch-rebar; 0.13 meter above 1998 ground -1.0 961.57

level;
1/2-inch-rebar; 0.10 meter above 1998 ground  151.0  45°16°47.41”  105°36°07.06”  0.415 0.825 961.20

level;
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See Figure 8 for location
of cross section

PR165.6
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Figure 68. Upper: Location of cross section PR165.6 is shown in figure 8. Lower: Location of
the reference monument on the left bank. MN is magnetic north.
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ELEVATION, IN METERS ABOVE SEA LEVEL
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Figure 69. Profiles of cross section PR165.6 from 1980 to 1998.
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Table 24. Listing of horizontal stations and elevations for cross section PR165.6
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1980 1980 1985 1985 1992
20 October 20 October 29 September 29 September 30 August

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-1.0 961.43 128.0 958.54 0.0 961.41 86.0 958.38 -1.0 961.44
0.0 961.43 129.0 958.90 3.0 961.39 88.0 958.50 2.0 961.48
5.0 961.40 130.0 959.23 6.0 961.39 89.0 958.61 5.0 961.38
10.0 961.38 131.2 960.13 9.0 961.32 91.0 958.63 8.0 961.40
15.0 961.39 1314 960.80 12.0 961.33 94.0 958.64 9.0 961.34
20.0 961.28 134.0 960.91 15.0 961.38 97.0 958.66 12.0 961.34
22.0 961.33 137.7 960.88 18.0 961.28 100.0 938.72 13.0 961.44
25.0 961.06 138.5 961.04 210 961.24 103.0 958.67 14.0 961.38
30.0 961.09 140.0 960.89 230 961.10 106.0 958.58 16.0 961.41
35.0 961.16 141.0 961.09 25.0 961.05 109.0 958.52 18.0 961.28
40.0 961.21 142.0 960.99 26.8 961.01 111.8 958.52 21.0 961.26
45.0 961.02 143.0 960.81 274 961.14 112.2 958.82 23.0 961.10
51.0 960.88 146.9 960.76 29.0 961.02 114.0 958.86 25.0 961.08
54.0 960.84 148.0 960.99 30.0 961.08 117.0 958.87 28.0 961.07
56.6 960.77 149.0 961.14 324 960.99 1195 958.74 29.0 961.03
56.8 960.31 33.6 961.22 122.4 958.78 32.0 961.03
580 959.50 35.0 961.16 123.0 95891 34.0 961.22
59.0 959.15 37.0 961.22 124.5 959.00 36.0 961.24
60.0 959.01 38.0 961.15 127.0 958.93 38.0 961.15
62.0 958.98 39.0 961.25 129.0 959.01 39.0 961.27
64.0 958.86 41.0 961.11 129.7 959.13 41.0 961.11
66.0 958.65 44.0 961.05 131.0 959.95 44.0 961.06
68.1 958.17 47.0 960.97 131.7 960.30 47.0 961.00
70.0 957.98 50.0 960.90 132.0 960.80 50.0 960.90
735 957.97 53.0 960.90 133.0 960.94 52.0 960.91
76.0 958.14 56.0 960.83 1340 960.89 54.0 960.88
79.0 958.33 56.4 960.77 137.0 960.96 56.3 960.82
83.0 958.35 56.6 960.46 139.0 961.01 56.5 960.45
87.0 958.39 573 959.97 140.0 960.95 56.7 960.38
91.0 958.40 59.0 959.56 142.0 961.03 57.1 960.11
95.0 958.40 61.0 959.67 1433 960.85 58.0 959.85
100.0 958.37 62.5 959.51 146.0 960.81 59.0 959.78
102.7 958.33 63.5 959.24 147.0 960.85 61.0 959.89
1042 958.63 64.0 958.54 148.0 961.06 62.0 959.78
1075 958.72 65.0 958.24 149.0 961.13 62.4 959.18
1099 958.74 67.0 958.16 150.0 961.03 63.0 958.90
1125 958.47 70.0 958.19 63.6 958.69
115.0 958.26 73.0 958.22 65.0 958.37
1175 958.23 76.0 958.16 67.0 958.35
120.0 958.20 790  958.23 69.0 958.40
1230 958.35 81.0 958.10 71.0 958.44
126.0 958.46 84.0 958.06 73.0 958.47
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Table 24. (Continued) Listing of horizontal stations and elevations for cross section PR165.6
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1992 1992 1998 1998
30 August 30 August 1 October 1 October

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
750 958.49 1425 961.00 -13 961.51 83.0 958.52
77.0 958.51 144.0 960.84 -1.0 961.45 86.0 958.35
79.0 958.52 146.4 960.78 0.0 961.44 89.0 958.29
81.0 958.53 148.0 961.05 2.0 961.47 92.0 958.12
83.0 958.56 149.0 961.16 4.0 961.40 95.0 958.00
85.0 958.60 150.0 961.05 7.0 961.39 98.0 958.06
87.0 958.59 151.0 961.10 10.0 961.35 100.0 958.15
88.0 958.60 12.0 961.34 102.0 958.44
89.0 958.48 13.0 961.43 104.0 958.72
91.0 958.51 14.0 961.38 107.0 958.85
91.7 958.36 17.0 961.36 110.0 958.78
92.5 958.15 20.0 961.32 113.0 958.70
94.0 958.15 23.0 961.12 116.0 958.73
95.7 958.17 . 26.0 961.11 119.0 958.70
98.0 958.68 27.0 961.12 122.0 958.70
98.1 958.73 28.0 961.07 125.0 958.63

100.0 958.72 30.0 961.09 128.0 958.56

102.0 958.72 325 961.03 128.5 958.58

105.0 958.76 34.0 961.22 129.0 958.81

107.0 958.81 36.0 961.24 129.1 959.30

109.0 958.84 38.0 961.17 1310 960.20

111.0 958.77 39.0 961.26 131.9 960.49

1133 958.66 41.0 961.12 132.4 960.89

115.0 958.57 440 961.07 1350 961.01

1154 958.61 46.0 961.03 1380  961.07

118.0 958.60 48.0 961.02 141.0 961.09

118.7 958.60 50.0 960.93 1440 960.87

1200 958.49 53.0 960.92 146.7 960.86

122.0 958.47 55.0 960.88 148.7 961.15

124.0 958.48 559 960.80 151.0 961.12

126.0 958.51 57.3 960.28

1274 958.53 58.0 960.20

128.0 958.65 60.4 960.22

128.6 959.07 60.6 959.84

129.6 959.43 61.2 958.98

131.6 960.16 62.7 958.78

1320 960.79 65.0 958.56

133.0 960.96 68.0 958.55

135.0 960.98 71.0 958.57

137.0 960.96 74.0 958.56

139.0 961.03 77.0 958.54

141.0 961.04 80.0 958.55
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Description of Cross Section PR166.0

Location: Township 6 South/Range 50 East--section 28
U. S. Geological Survey quadrangle (1:24,000): Lonesome Peak
Landowners--left bank: Gay Ranch
--right bank: Gay Ranch
Access: Right bank
Permission from: Pat Daily
Distance from Moorhead Gaging Station: 50.8 kilometers
Azimuth of Section (degrees magnetic): 150

Reference Monuments

[Monuments at stations 0.0 and 20.0 were closest to leveling instrument]

GPS-NAD83 (1992) Measurement
Elevation
Standard Horizontal
: Station deviation precision (NGVD1929)
Description (m) Latitude Longitude (m) (m) (m)
Benchmark--1/2-inch-rebar; 0.07 meter 0.0 960.96
above 1998 ground level; on riverward side
of wooden gate post
1/2-inch-rebar; 0.05 meter above 1998 ground 200  45°17°00.10”  105°35°59.67”  0.290 0.622 960.47
level
1/2-inch-rebar; 0.05 meter below 1998 ground 1700 959.58
level; among 2-3 meter cottonwoods
1/2-inch-rebar; 0.10 meter above 1998 ground 1960  45°16°54.62”  105°35°57.44”  0.509 0.562 960.15

level; in a row of 15-20 meter cottonwoods
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See Figure 8 for location
of cross section

PR166.0
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Figure 70. Upper: Location of cross section PR166.0 is shown in figure 8. Lower: Location of
the reference monument on the left bank. MN is magnetic north.
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ELEVATION, IN METERS ABOVE SEA LEVEL
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Figure 71. Profiles of cross section PR166.0 from 1980 to 1998.
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Table 25. Listing of horizontal stations and elevations for cross section PR166.0
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1980 1980 1985 1985 1985
19 October 19 October 29 September 29 September 29 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
0.0 960.96 112.0 958.40 1.0 960.89 94.0 958.10 198.0 959.97
20 960.79 113.0 958.57 3.0 960.59 97.0 958.16 200.0 959.99
517 960.21 115.0 958.72 5.6 960.29 100.0 958.12
8.8 960.21 119.0 958.88 8.0 960.25 103.0 958.04
11.0 960.36 120.0 958.91 9.0 960.38 106.0 958.12
15.0 960.39 122.8 958.90 12.0 960.37 109.0 958.25
20.0 960.39 123.3 959.18 15.0 960.41 1103 958.45
25.0 960.36 129.0 959.28 18.0 960.32 113.0 958.71
27.0 960.41 133.0 959.41 21.0 960.42 115.0 959.18
29.0 960.35 136.0 959.53 24.0 960.34 117.0 959.23
320 960.01 140.0 959.62 27.0 960.28 120.0 959.21
355 960.27 145.0 959.65 30.0 960.21 123.0 959.15
39.0 960.67 150.0 959.71 316 960.00 126.0 959.27
41.0 960.78 160.0 959.68 34.0 960.07 129.0 959.35
44.0 960.38 165.0 959.65 36.0 960.24 131.0 959.48
46.6 960.30 170.0 959.44 38.0 960.57 134.0 959.52
49.0 961.01 173.0 959.61 40.5 960.77 137.0 959.60
50.0 960.99 174.5 959.90 42.0 960.66 140.0 959.63
52.0 960.51 177.0 959.88 425 960.40 143.0 959.67
54.0 960.51 182.0 958.84 43.0 960.44 146.0 959.69
56.0 960.45 183.3 958.95 45.0 960.59 149.0 959.79
58.0 960.34 185.0 959.36 46.0 960.50 152.0 959.74
58.9 960.55 187.0 959.40 49.0 960.92 155.0 959.76
59.1 959.39 190.0 959.66 50.0 960.84 158.0 959.74
59.8 959.13 192.2 959.85 51.0 960.79 161.0 959.70
59.8 958.95 195.7 959.95 53.0 960.52 164.0 959.67
60.3 958.55 200.0 959.93 553 960.50 166.0 959.64
61.0 958.06 56.0 960.15 169.0 959.51
62.0 957.51 56.3 958.07 172.0 959.55
62.9 957.54 56.5 958.25 175.0 959.93
64.0 957.68 58.0 958.17 1775 959.89
66.0 957.72 61.0 958.10 178.0 959.70
70.0 957.96 64.0 958.20 180.0 959.38
75.0 958.35 67.0 958.28 182.0 959.10
80.0 958.38 70.0 958.09 183.5 959.04
85.0 958.40 73.0 958.20 185.0 959.30
90.0 958.31 76.0 958.20 187.0 959.44
95.0 958.21 79.0 958.09 188.0 959.44
100.0 958.08 82.0 958.24 189.0 959.60
105.0 958.03 85.0 958.20 191.0 959.71
107.0 958.01 88.0 958.18 193.0 959.89
110.0 958.25 91.0 958.11 195.7 959.99
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Table 25. (Continued) Listing of horizontal stations and elevations for cross section PR166.0
{Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1992 1992 1992 1998 1998

30 August 30 August 30 August 30 September 30 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
20.0 960.38 81.0 958.19 167.0 959.60 20.0 960.42 110.2 958.52
22.0 960.38 83.0 958.17 170.0 959.51 22,0 960.42 110.7 958.82
24.0 960.38 85.0 958.15 . 240 960.44 111.2 959.59
26.0 960.31 87.0 958.12 26.0 960.35 112.0 959.83
28.0 960.30 89.0 958.12 29.0 960.35 114.0 959.93
29.5 960.28 91.0 958.10 30.0 960.23 116.0 959.90
31.0 960.07 93.0 958.08 32.0 960.16 118.0 959.94
325 960.06 95.0 958.07 340 960.31 120.0 960.02
34.0 960.14 97.0 958.01 35.0 960.45 122.0 960.04
35.0 960.26 99.0 958.02 37.0 960.65 124.0 960.02
36.0 960.46 101.0 958.01 385 960.75 126.0 959.98
38.0 960.68 103.0 958.03 40.3 960.78 128.0 959.98
40.0 960.80 105.0 958.03 425 960.50 130.0 959.93
41.0 960.75 107.0 958.04 43.5 960.64 132.0 959.87
425 960.46 108.2 958.07 447 960.36 134.0 959.87
440 960.62 109.2 958.38 45.6 960.24 136.0 959.88
46.0 960.52 109.4 958.56 458 959.38 138.0 959.89
438.0 960.65 109.6 958.87 46.2 958.83 140.0 959.89
49.0 960.75 111.0 959.40 47.0 958.47 142.0 959.86
499 960.78 112.0 959.40 48.0 958.15 144.0 959.91
50.2 960.68 114.0 959.37 49.0 957.66 147.0 959.93
50.2 960.09 116.0 959.34 50.0 957.31 150.0 959.91
51.3 960.05 118.0 959.29 53.0 957.43 153.0 959.91
51.7 958.88 120.0 959.33 55.0 957.70 156.0 959.89
52.3 958.53 122.0 959.30 57.5 958.21 159.0 959.88
53.0 958.35 124.0 959.30 60.0 958.25 162.0 959.84
535 957.99 126.0 959.35 63.0 958.19 165.0 959.81
54.0 957.62 128.0 959.40 66.0 958.23 167.5 959.69
56.0 957.93 130.0 959.46 69.0 958.11 170.0 959.64
58.0 958.17 132.0 959.53 72.0 958.07 196.0 960.04
58.8 958.29 134.0 959.57 75.0 958.20
61.0 958.30 136.0 959.62 78.0 958.16
62.0 958.33 139.0 959.64 81.0 958.24
64.0 958.35 142.0 959.66 84.0 958.24
65.5 958.21 145.0 959.74 87.0 958.25
67.0 958.19 148.0 959.75 90.0 958.28
69.0 958.27 151.0 959.78 93.0 958.35
71.0 958.25 154.0 959.77 96.0 958.32
73.0 958.26 157.0 959.76 99.0 958.31
75.0 958.23 160.0 959.75 102.0 958.28
77.0 958.25 163.0 959.70 105.0 958.30
79.0 958.23 165.0 959.70 108.0 958.29
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Description of Cross Section PR166.6

Location: Township 6 South/Range 50 East--section 28
U. S. Geological Survey quadrangle (1:24,000): Lonesome Peak
Landowners--left bank: Gay Ranch
--right bank: Gay Ranch
Access: Right bank
Permission from: Pat Daily
Distance from Moorhead Gaging Station: 51.2 kilometers
Azimuth of Section (degrees magnetic): 078

Reference Monuments

[Monument at station 151.0 was closest to leveling instrument; latitude and longitude for the monument at station 151.0 was calcu-
lated from the measured latitude and longitude of station 147.0]

GPS-NADS83 (1992) Measurement
Elevation
Standard Horizontal
Station deviation precision (NGVD1929)
Description (m) Latitude Longitude (m) (m) (m)

1/2-inch-rebar; 0.17 meter above 1998 ground -1.5  45°17°07.49”° 105°35°45.17” 1.313 0.701 960.62

level; in first row of 15-20 meters high cot-

tonwoods, 0.25 meter diameter at breast

height
1/2-inch-rebar; 0.17 meter above 1998 ground 215  45°17°07.45”  105°35°44.09”  0.359 0.489 960.30

level; in an area with salt cedars about 2

meters high
Benchmark--1/2-inch-rebar; 0.29 meter above  151.0  45°17°07.31”  105°35°38.217  0.462 0.447 960.46

1998 ground level; at the base of a large
solitary cottonwood 11 meters from the
edge of the right bank in 1998; see head-
note
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See Figure 8 for location
of cross section

PR166.6

approximate location of
ight bank . .
g an log building with earth roof

orientation is approximate
and size is exaggerated

reference monument is
a 12-mm-diameter steel rod
at STATION 151.0 at base
of large cottonwood tree
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Drawn 1998

Figure 72. Upper: Location of cross section PR166.6 is shown in figure 8. Lower: Location of
the reference monument on the right bank. MN is magnetic north.
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Figure 73. Profiles of cross section PR166.6 from 1980 to 1998.
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Table 26. Listing of horizontal stations and elevations for cross section PR166.6
{Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1980 1980 1985 1985 1992

19 October 19 October 29 September 29 September 30 August
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-1.5 960.41 97.0 957.66 3.0 960.13 102.0 957.79 8.0 960.34

0.0 960.23 100.0 957.61 5.0 960.09 105.0 957.73 10.0 960.36

20 960.18 102.0 957.76 7.0 960.31 108.0 957.71 13.0 960.33

54 960.11 105.0 957.76 10.0 960.28 111.0 957.72 17.0 960.31

6.7 960.36 110.0 957.70 13.0 960.29 114.0 957.72 20.0 960.21

94 960.36 115.0 957.68 16.0 960.29 117.0 957.73 215 960.13
11.0 960.20 120.0 957.54 19.0 960.19 120.0 957.69 24.0 960.07
120 960.29 124.0 957.30 215 960.10 123.0 957.53 26.0 960.02
14.0 960.33 127.0 957.17 25.0 959.99 126.0 957.31 28.0 960.09
17.0 960.30 129.2 957.07 28.0 960.04 129.0 957.26 31.0 960.06
215 960.13 130.1 957.63 31.0 960.01 131.0 957.48 34.0 960.09
23.0 960.12 130.9 957.57 34.0 960.06 132.2 957.91 37.0 960.11
26.0 959.99 131.8 958.05 37.0 960.08 132.5 958.33 40.0 960.22
30.0 960.01 132.1 958.23 40.0 960.18 1334 959.09 420 960.28
33.0 960.03 1324 958.38 43.0 960.30 134.0 960.03 43.5 960.34
36.0 960.09 132.6 959.95 445 960.24 135.7 960.06 445 960.25
36.6 960.03 133.0 960.05 46.0 959.73 138.0 960.07 46.0 959.75
40.0 960.21 137.0 960.07 473 959.19 141.0 960.04 48.0 959.14
424 960.24 141.0 960.06 48.6 958.98 144.0 960.02 49.0 959.04
444 960.27 145.0 960.07 49.7 958.96 147.0 960.04 51.0 959.15
46.0 959.69 150.0 960.10 51.0 959.10 150.0 960.09 53.0 959.14
475 959.12 54.0 959.04 151.0 960.07 55.0 959.05
490 958.97 57.0 958.92 57.0 958.96
51.0 959.11 58.2 958.67 59.0 958.77
54.0 959.02 60.0 958.59 61.0 958.79
57.0 958.90 63.0 958.68 63.0 958.82
59.7 958.35 65.0 958.67 65.0 958.76
61.2 958.27 67.8 958.33 68.0 958.81
62.0 958.06 69.0 958.44 69.0 958.79
63.8 958.02 71.0 958.49 71.0 958.63
65.0 958.22 73.0 958.39 73.0 958.50
70.0 958.23 75.0 958.43 73.4 958.40
75.0 958.25 76.0 958.03 74.0 957.91
76.0 958.06 772 957.90 74.5 957.83
77.0 957.92 79.0 957.51 76.7 957.49
78.0 957.75 81.0 957.61 78.4 957.65
80.0 957.60 84.0 957.65 80.0 957.66
84.0 957.62 87.0 957.70 82.0 957.63
87.0 957.60 90.0 957.72 84.0 957.62
90.0 957.59 93.0 957.74 86.0 957.60
92.0 957.69 96.0 957.73 ~ 880 957.60
94.0 957.61 99.0 957.76 90.0 957.60
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Table 26. (Continued) Listing of horizontal stations and elevations for cross section PR166.6
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1992 1998 1998

1 September 30 September 30 September
Sta. Elev. Sta. Elev. Sta. Elev.
92.0 957.55 -1.5 960.45 733 957.95
94.0 957.52 0.0 960.31 75.0 957.60
96.0 957.49 2.0 960.20 77.0 957.58
98.0 957.44 5.0 960.15 78.0 957.67
100.0 957.42 6.0 960.28 78.6 957.90
102.0 957.46 8.0 960.36 81.0 957.89
104.0 957.57 10.0 960.32 84.0 957.88
105.7 957.67 12.0 960.34 87.0 957.89
106.1 957.83 14.0 960.32 90.0 957.83
106.8 957.87 16.0 960.33 93.0 957.84
107.5 957.79 18.0 960.26 96.0 957.78
1100 957.99 20.0 960.24 99.0 957.76
113.0 958.08 21.5 960.15 102.0 957.67
116.0 958.11 24.0 960.10 105.0 957.63
119.0 958.09 26.0 960.03 108.0 957.60
121.5 958.06 28.0 960.11 111.0 957.50
1219 957.93 30.0 960.08 114.0 957.48
1223 957.85 32.0 960.08 117.0 957.50
1240 957.62 34.0 960.09 120.0 957.57
126.0 957.69 36.0 960.13 123.0 957.60
128.0 957.74 38.0 960.22 126.0 957.56
130.0 957.76 40.0 960.23 129.0 957.57
1324 957.72 42.0 960.29 132.0 957.46
133.0 957.84 43.0 960.33 135.0 957.44
133.2 958.21 440 960.28 138.0 957.45
133.7 959.19 45.0 960.09 139.2 957.97
133.8 959.97 47.0 959.46 140.0 960.56
1343 960.11 48.0 959.31 141.0 960.07
135.6 960.26 50.0 959.21 142.7 959.78
136.8 960.33 52.0 959.24 145.0 959.92
138.0 960.93 54.0 959.17 147.1 960.06
138.5 961.09 56.0 959.16 150.0 960.17
139.3 960.89 58.0 959.07 151.0 960.18
139.8 960.99 60.0 959.03
140.0 960.91 62.0 959.09
1412 960.08 64.0 959.17
142.8 959.79 66.0 959.15
145.0 959.90 68.0 959.21
148.0 960.08 69.0 959.18
150.0 960.16 70.0 958.96
1510 960.13 722 958.86
72.7 958.02
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Description of Cross Section PR167

Location: Township 6 South/Range 50 East--section 28
U. S. Geological Survey quadrangle (1:24,000): Lonesome Peak
Landowners--left bank: Gay Ranch
--right bank: Gay Ranch
Access: Right bank
Permission from: Pat Daily
Distance from Moorhead Gaging Station: 51.77 kilometers
Azimuth of Section (degrees magnetic): 006

Reference Monuments

[Monuments at stations 150.0 and 150.6 were closest to leveling instrument]

GPS-NADS3 (1992) Measurement '
Elevation
Standard Horizontal
Station deviation precision (NGVD1929)
Description (m) Latitude Longitude (m) (m) (m)
1/2-inch-rebar; 0.05 meter above 1998 ground -1.6 959.63
level
1/2-inch-rebar; 0.19 meter above 1998 ground 100  45°17°17.69” 105°35°51.56”  0.319 0.542 959.84
level
1/2-inch-rebar; 0.02 meter above 1998 ground  150.0 959.49
level
1/2-inch-rebar; bent, 0.16 meter above 1998 150.6 45°17°21.99” 105°35°49.34”  0.506 0.480 959.62
ground level
Benchmark--brass circular plate; offsection —  45°17°21.96” 105°35°49.97”  0.527 0.490 959.79
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Figure 74. Upper: Location of cross section PR167, bench mark BM-PR167, and the left and
right bank reference monuments in the Lonesome Peak quadrangle. Lower: Location of
the bench mark on the left bank. MN is magnetic north.
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ELEVATION, IN METERS ABOVE SEA LEVEL
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Figure 75. Profiles of cross section PR167 from 1988 to 1992.
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ELEVATION, IN METERS ABOVE SEA LEVEL
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Figure 76. Profiles of cross section PR167 from 1992 to 1996.

201



ELEVATION, IN METERS ABOVE SEA LEVEL
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Figure 77. Profiles of cross section PR167 from 1996 to 1998.
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Table 27. Listing of horizontal stations and elevations for cross section PR167
[Sta., station, distance in meters from a refercnce.pin on the left bank; Elev., elevation, in meters above sea level]

1989 1989 1989 1990 1990
20 September 20 September 20 September 20 September 20 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.

-1.6 959.57 69.6 957.45 138.0 959.58 -1.6 959.58 80.0 957.72
0.0 959.65 70.1 957.53 140.0 959.55 0.0 959.64 81.0 957.79
20 959.69 71.0 957.56 1425 959.56 20 959.68 82.0 957.82
40 959.71 73.0 957.53 145.0 959.52 50 959.68 824 957.76
6.0 959.68 75.0 957.58 147.5 959.49 8.0 959.59 84.0 957.82
8.0 959.59 77.0 957.59 150.0 959.48 11.0 959.65 85.0 957.78
10.0 959.65 79.0 957.57 150.6 959.44 14.0 959.57 87.0 957.68
12.0 959.67 81.0 957.54 138.0 959.58 16.0 959.35 87.2 957.69
14.0 959.57 82.0 957.48 140.0 959.55 18.0 959.37 885  957.64
15.0 959.55 83.7 957.45 142.5 959.56 20.0 959.21 90.0 957.51
16.0 959.35 85.0 957.29 145.0 959.52 23.0 959.24 91.0 957.54
18.0 959.39 86.4 957.18 147.5 959.49 25.0 958.92 93.0 957.53
20.0 959.21 87.0 957.31 150.0 959.48 28.0 958.87 95.0 957.54
220 959.28 88.0 957.32 150.6 959.44 31.0 958.85 97.0 957.56
24.0 959.12 90.0 957.20 33.0 958.82 97.8 957.57
25.0 958.92 92.0 957.05 35.0 958.80 98.2 957.47
27.0 958.89 94.0 956.98 37.0 958.73 98.8 957.41
29.0 958.82 96.0 956.97 39.0 958.78 101.0 957.20
31.0 958.88 98.0 957.05 41.0 958.81 102.0 957.18
330 958.82 100.0 957.16 43.0 958.60 103.0 957.21
35.0 958.78 102.0 957.25 440 958.50 105.0 957.09
37.0 958.70 104.0 957.28 46.0 958.51 107.0 957.03
39.0 958.77 106.0 957.32 48.0 958.58 109.0 956.89
410 958.80 108.0 957.32 50.0 958.60 111.0 956.75
43.0 958.58 110.0 957.31 520 958.62 112.0 956.70
45.0 958.45 112.0 957.23 54.0 958.73 113.0 956.88
470 958.53 113.6 957.14 56.0 958.64 114.7 957.41
490 958.60 114.6 957.44 58.0 958.51 117.0 958.52
510 958.57 115.8 957.84 58.3 958.37 117.1 959.74
53.0 958.68 115.9 957.97 58.7 958.35 119.0 959.82
55.0 958.71 116.9 958.50 590 958.44 122.0 959.70
57.0 958.55 117.1 959.77 60.0 958.44 125.0 959.66
58.0 958.51 118.0 959.86 62.0 958.41 128.0 959.57
59.0 957.96 120.0 959.73 64.0 958.32 130.0 959.82
59.6 957.78 122.0 959.71 66.0 958.27 131.0 959.85
60.8 957.65 124.0 959.67 68.0 958.26 133.0 959.84
62.0 957.70 126.0 959.63 70.0 958.22 136.0 959.70
63.2 957.80 128.0 959.58 72.0 958.17 139.0 959.57
644 957.79 130.0 959.84 74.0 958.10 142.0 959.55
64.8 957.67 132.0 959.85 76.0 958.05 145.0 959.50
66.0 957.55 134.0 959.79 770 957.98 147.0 959.50
68.0 957.47 136.0 959.70 79.0 957.74 150.0 959.46
150.6 959.44
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Table 27. (Continued) Listing of horizontal stations and elevations for cross section PR167
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1991 1991 1991 1992 1992

4 September 4 September 4 September 1 September 1 September

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-1.6 959.58 72.0 957.63 140.0 959.55 -1.6 959.59 713 957.45
0.0 959.63 74.0 957.69 142.0 959.56 0.0 959.63 71.7 957.47
3.0 959.61 757 957.69 144.0 959.49 3.0 959.62 73.0 957.44
6.0 959.68 76.4 957.74 146.0 959.51 6.0 959.69 742 957.31
9.0 959.63 78.0 957.72 148.0 959.49 9.0 959.63 76.0 957.25
12.0 959.66 79.8 957.71 150.0 959.47 11.0 959.65 78.0 957.35
15.0 959.57 79.9 957.53 150.6 959.44 13.0 959.61 80.0 957.37
164 959.30 80.8 957.33 140.0 959.55 15.0 959.56 82.0 957.45
18.0 959.38 82.0 957.39 142.0 959.56 16.0 959.35 83.0 957.49
20.0 959.23 83.8 957.38 144.0 959.49 18.0 959.38 85.0 957.46
22.0 959.28 853 957.48 146.0 959.51 20.0 959.23 87.0 957.43
230 959.25 87.0 957.45 148.0 959.49 213 959.34 89.0 957.40
25.0 958.91 89.0 957.40 150.0 959.47 23.0 959.25 91.0 957.40
27.0 958.87 91.0 957.41 150.6 959.44 25.0 958.92 93.0 957.45
29.0 958.84 93.0 957.43 27.0 958.88 95.0 957.45
31.0 958.86 95.0 957.43 28.0 958.92 96.5 957.42
33.0 958.83 97.0 957.40 30.0 958.81 98.0 957.02
36.0 958.78 99.0 957.39 320 958.85 99.0 957.38
39.0 958.78 99.2 957.24 34.0 958.77 101.0 957.25
410 958.79 99.8 957.06 36.0 958.79 103.0 957.11
42.0 958.75 101.0 956.96 38.0 958.74 105.0 956.99
440 958.48 103.0 956.99 40.0 958.83 107.0 957.07
450 958.49 105.0 957.12 41.0 958.79 109.0 956.88
47.0 958.55 107.0 957.13 43.0 958.61 111.0 956.80
490 958.62 109.0 957.10 44.0 958.48 112.5 956.75
51.0 958.59 111.0 957.05 46.0 958.50 114.9 957.47
53.0 958.70 113.3 957.01 48.0 958.57 116.4 957.99
55.0 958.73 113.8 957.18 50.0 958.59 116.9 958.20
56.0 958.67 1153 957.60 52.0 958.61 117.1 958.38
58.0 958.56 117.3 958.74 54.0 958.72 117.3 959.77
59.7 958.51 117.4 959.78 56.0 958.67 118.0 959.86
61.0 958.59 118.0 959.86 58.0 958.56 120.0 959.73
61.1 958.36 120.0 959.73 60.0 958.54 123.0 959.70
61.8 958.19 122.0 959.70 60.7 958.57 124.8 959.68
62.1 957.81 124.0 959.68 62.1 957.84 127.0 959.63
62.5 957.60 126.0 959.64 64.0 957.83 128.4 959.59
63.2 957.42 128.0 959.57 66.0 957.83 130.0 959.83
63.8 957.43 130.0 959.84 67.7 957.86 133.0 959.84
643 957.51 132.0 959.86 67.8 957.65 136.0 959.71
66.0 957.52 134.0 959.79 69.0 957.64 138.0 959.59
68.0 957.56 136.0 959.71 70.0 957.56 141.0 959.55
70.0 957.59 138.0 959.59 70.4 957.47 144.0 959.49
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Table 27. (Continued) Listing of horizontal stations and elevations for cross section PR167
{Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1992 1993 1993 1993 1994
1 September 2 September 2 September 2 September 20 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
147.0 959.49 -1.6 959.58 65.5 957.86 147.0 959.50 -1.6 959.61
150.0 959.48 0.0 959.64 68.0 957.87 150.0 959.48 23.0 959.25
150.6 959.45 3.0 959.62 70.0 957.80 150.6 959.46 25.0 958.93
5.0 959.70 72.0 957.81 27.0 958.88
8.0 959.59 74.0 957.79 29.0 958.85
11.0 959.63 76.0 957.78 32.0 958.87
13.0 959.61 78.0 957.77 35.0 958.79
15.0 959.55 80.0 957.77 _ 37.0 958.76
16.5 959.31 82.6 957.80 39.0 958.80
19.0 959.30 82.7 957.61 . 41.0 958.83
20.0 959.22 84.0 957.50 43.0 958.62
22.0 959.28 86.0 957.45 45.0 958.54
23.0 959.26 88.0 957.49 470 958.58
243 959.08 90.0 957.53 50.0 958.66
25.0 958.93 92.0 957.55 53.0 958.76
26.0 958.90 94.0 957.54 56.0 958.74
28.0 958.89 95.0 957.52 575 958.77
29.5 958.81 95.6 957.43 58.5 958.90
31.0 958.87 97.0 957.44 59.1 958.94
33.0 958.85 99.0 956.85 60.8 958.81
35.0 958.82 100.0 956.72 61.8 958.65
37.0 958.76 103.0 956.75 63.0 958.13
39.0 958.80 104.0 956.74 64.0 957.98
41.0 958.82 105.0 956.89 ' 65.0 958.02
42.0 958.75 108.0 957.10 67.0 958.07
44.0 958.58 110.0 956.92 69.0 958.05
45.0 958.52 112.0 956.86 71.0 958.04
47.0 958.59 112.6 956.79 73.0 958.05
49.0 958.66 115.0 957.51 75.0 958.03
51.0 958.65 116.7 958.10 76.0 958.04
53.0 958.73 117.2 958.47 71.0 958.04
55.0 958.77 1173 959.75 78.0 957.94
56.5 958.70 119.0 959.80 79.0 957.84
58.0 958.76 121.0 959.71 80.0 957.89
59.5 958.99 124.0 959.67 81.5 957.96
60.5 958.83 127.0 959.61 81.6 957.71
62.0 958.71 129.0 959.74 82.0 957.60
62.0 958.33 131.0 959.86 83.0 957.58
62.7 958.03 134.0 959.79 85.0 957.59
63.3 957.89 137.0 939.66 87.0 957.60
63.7 957.68 140.0 959.58 89.0 957.56
650  957.69 1440  959.49 910 95748
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Table 27. (Continued) Listing of horizontal stations and elevations for cross section PR167
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1994 1995 1995 1995 1996
20 September 1 October 1 October 1 October 21 October
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
93.0 957.42 -1.6 959.59 76.0 957.41 146.0 959.51 -1.6 959.59
95.0 957.49 2.0 959.66 78.0 -957.41 148.0 959.49 10.0 959.65
96.2 957.54 5.0 959.69 80.0 957.40 150.0 959.48 12,5 959.65
96.8 957.36 8.0 959.60 82.0 957.47 150.6 959.45 15.0 959.57
98.0 957.25 10.0 959.65 84.0 957.45 17.0 959.35
101.0 957.15 12.0 959.62 86.0 957.54 19.0 959.35
104.0 957.17 14.0 959.57 88.0 957.54 21.0 959.31
107.0 957.13 15.5 959.32 90.0 957.55 23.0. 959.26
110.0 957.04 18.7 959.35 92.0 957.57 25.0 958.99
113.0 956.95 20.0 959.24 94.0 957.58 27.0 958.95
115.5 956.93 22.0 959.32 96.0 957.58 30.0 958.91
116.7 957.35 23.0 959.28 98.0 957.60 33.0 958.96
1180 958.27 24.0 959.12 100.0 957.50 36.0 958.94
1183 958.39 25.0 958.98 102.0 957.54 38.0 958.93
119.2 958.80 26.0 958.97 104.0 957.51 40.0 958.97
1192 959.83 28.0 958.95 106.0 957.42 41.0 959.00
122.0 959.71 30.0 958.95 108.0 957.10 43.0 958.91
125.0 959.69 33.0 958.94 110.0 957.18 443 958.75
126.0 959.65 35.0 958.93 112.0 956.71 47.0 958.95
128.0 959.58 37.0 958.90 113.0 956.85 49.0 959.05
1300 959.76 39.0 958.94 115.0 956.68 51.0 95908 -
1310 959.84 41.0 958.99 117.0 956.68 53.0 959.10
133.0 959.84 43.0 958.88 1185 956.73 55.4 959.28
136.0 959.72 44.0 958.74 120.5 957.62 57.0 959.07
139.0 959.58 45.0 958.81 121.0 957.86 59.0 959.07
141.0 959.53 47.0 958.92 121.2 958.37 61.0 959.08
144.0 959.48 49.0 959.03 1215 958.55 63.0 959.00
147.0 959.50 51.0 959.06 1219 958.41 65.0 958.93
150.0 959.48 53.0 959.05 1223 958.50 67.0 958.88
150.6 959.45 54.0 959.23 122.7 958.90 68.0 958.95
545 959.17 122.8 959.51 69.7 958.66
55.6 959.28 123.2 959.67 70.1 958.74
57.0 959.00 126.0 959.65 72.0 958.22
58.0 959.01 128.0 959.57 72.8 958.31
60.0 959.09 129.0 959.69 73.3 958.19
62.0 959.07 1324 959.85 75.0 957.51
64.0 959.00 134.0 959.80 75.5 957.35
66.0 958.88 136.0 959.71 77.0 957.32
68.0 958.84 138.0 959.60 80.0 957.33
70.0 958.20 140.0 959.56 83.0 957.47
73.3 957.62 142.0 959.52 85.0 957.47
74.0 95741 144.0 959.49 88.0 957.39
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Table 27. (Continued) Listing of horizontal stations and elevations for cross section PR167
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1996 1997 1997 1998 1998
21 October 21 September 21 September 30 September 30 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.

89.5 957.26 -1.6 959.58 95.0 957.07 -1.6 959.58 79.0 957.56
92.0 957.23 10.0 959.64 98.0 957.25 0.0 959.62 81.0 957.44
95.0 957.28 12.5 959.63 101.0 957.27 3.0 959.64 84.0 957.28
98.0 957.38 14.7 959.59 104.0 957.30 5.0 959.70 87.0 957.25
101.0 957.40 164 959.29 107.0 957.28 75 959.60 90.0 957.34
104.0 957.39 18.0 959.39 110.0 957.28 100 959.65 93.0 957.32
107.0 957.38 200 - 959.24 113.0 95721 12.0 959.66 96.0 957.13
110.0 957.22 220 959.34 116.0 957.16 14.0 959.59 97.5 957.40
113.0 957.00 23.7 959.19 118.0 957.01 15.5 959.49 100.0 - 957.40
115.0 957.03 25.3 958.97 119.7 957.04 16.5 959.32 103.0 957.34
117.0 956.94 27.0 958.95 1213 957.51 18.0 959.39 106.0 957.12
118.6 956.77 30.0 958.92 122.1 957.73 20.0 959.24 108.0 956.92
119.8 957.05 33.0 © 95893 123.2 958.31 215 959.34 111.0 956.67
121.3 957.51 36.0 958.95 1233 958.64 23.0 959.26 114.0 956.71
121.8 957.53 39.0 958.97 124.1 959.09 25.0 958.98 117.0 956.68
122.8 958.45 42.0 958.96 1244 959.66 28.0 958.96 119.0 956.79
1232 958.53 442 958.76 127.4 959.62 30.0 958.93 121.1 957.57
123.8 959.11 455 958.84 129.0 959.71 330 958.94 122.0 957.70
124.0 959.03 48.0 958.98 131.6 959.85 36.0 958.93 122.6 958.03
1243 959.10 51.0 959.10 1340 959.79 39.0 958.97 123.9 958.59
1245 959.69 53.5 959.08 136.0 959.69 41.0 959.02 123.9 959.68
126.0 959.67 55.0 959.28 138.5 959.58 43.0 958.92 126.5 959.64
1280  959.62 57.0 959.11 141.0 959.52 44.0 958.79 128.5 959.61
130.0 959.78 59.0 959.09 144.0 959.48 46.0 958.90 131.5 959.83
132.0 959.85 62.0 959.03 147.0 959.49 48.0 959.00 134.0 959.78
135.0 959.77 64.0 958.96 150.0 959.48 51.0 959.09 137.0 959.66
138.0 959.61 66.0 958.98 150.6 959.46 53.0 959.10 140.0 959.54
141.0 959.53 67.8 958.92 55.0 959.28 142.0 959.53
144.0 959.48 69.0 958.68 56.0 959.21 145.0 959.49
147.0 959.49 71.0 958.30 58.0 959.17 150.0 959.48
150.0 959.48 73.0 957.96 60.0 959.09 150.6 959.46

150.6 959.46 74.0 957.94 63.0 958.99

75.0 957.51 65.0 958.96

76.0 957.30 67.0 958.92

78.0 957.22 67.5 958.92

80.0 957.21 69.2 958.60

81.0 957.27 71.2 958.09

83.0 957.34 72.7 957.88

86.0 957.35 73.4 957.97

89.0 957.39 74.1 957.80

91.0 957.34 74.4 957.60

92.0 957.12 71.0 957.52
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Description of Cross Section PR167.5

Location: Township 6 South/Range 50 East--section 21
U. S. Geological Survey quadrangle (1:24,000): Lonesome Peak
Landowners--left bank: Gay Ranch
--right bank: Gay Ranch
Access: Left bank
Permission from: Gay Ranch
Distance from Moorhead Gaging Station: 52.3 kilometers
Azimuth of Section (degrees magnetic): 057

Reference Monuments

[Monument at station 0.0 and 22.0 was closest to leveling instrument; the monuments for this section were not surveyed using the
Global Positioning System so that the monuments have been located on an aerial photo and the corresponding latitude and longitude
have been measured on a 1:24000 topographic map]

GPS-NAD83 (1992) Measurement
Elevation
Standard Horizontal
Station deviation precision (NGVD1929)
Description {m) Latitude Longitude {m) {m) (m)
1/2-inch-rebar; 0.06 meter above 1998 ground 0.0 963.34
level; on a 6-meter high terrace; 0.06
meter riverward of comer fence post
1/2-inch-rebar; 0.05 meter above 1998 ground 220 963.29
level; on a 6-meter high terrace; under a
rock pile
1/2-inch-rebar; 0.13 meter above 1998 ground 1500 959.18
level
1/2-inch-rebar; 0.10 meter above 1998 ground 2200 ‘ 959.32

level; on the left bank of a chute channel
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See Figure 8 for location
of crass section

PR167.5

This cross section was not
surveyed in 1998 and no
map was made showing
the location of the
reference monuments.

Figure 78. Upper: Location of cross section PR167.5 is shown in figure 8. Lower: Section was
not surveyed in 1998 and a map of the reference monuments was not made.

209



SY3L3IN NI “3ONVISIa
00¢ 0sZ 00¢ os! oot 0s 0
AL B MR e LA Zann SRS S M A S Ty | AR A e v TTTY Owa

766} = = = =
§88b---— — /GG

856
656
096
196
296
£96

SO GRIT SUV UV VI N SRR IS IR R PR S W RPN R SRR L 796

T

00¢ ost 00z ost ool 0s 0
Il A A AR RS A A A A [ A SURN e IS IR SRS e NSk JNNND RNREL AN i Sent MERN NN S S S Qwa
Ciflmwuwm 4
- LS6
L
-1 866
-1 6S6
-
- 096
-
< 196
-
- 296
4 €96
0 a1 4 PR WY N it A aaoaoa N o 4. PR NN S W S ] za

J3A3T V3S 3A08Y SH3LIN NI ‘NOILVAIT3

Figure 79. Profiles of cross section PR167.5 from 1980 to 1992.
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Table 28. Listing of horizontal stations and elevations for cross section PR167.5
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1980 1980 1985 1985 1985
20 October 20 October 2 October 2 October 2 October
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
0.0 963.28 131.0 958.77 0.0 963.27 90.0 957.27 199.0 959.32
2.0 963.24 133.4 958.69 4.4 963.27 91.8 957.40 202.0 959.38
5.0 963.26 135.0 958.38 6.9 963.27 92.8 957.59 205.0 959.37
10.0 963.26 140.0 958.50 10.6 963.26 94.6 957.90 208.0 959.33
15.0 963.26 144.0 958.88 133 963.27 97.0 958.01 211.0 959.27
20.0 963.22 150.0 959.04 17.5 963.24 100.0 958.01 214.0 959.22
22.0 963.23 155.0 959.21 21.0 963.23 102.0 957.97 217.0 959.23
25.0 963.24 160.0 959.19 22.0 963.24 106.0 958.11 220.0 959.21
30.0 963.21 165.0 959.26 244 963.24 109.0 958.31 2220 959.14
30.5 963.20 170.0 959.12 28.1 963.25 111.0 958.40 2232 959.01
30.6 962.23 174.0 959.19 304 963.17 113.5 958.52 225.0 958.52
323 961.26 177.0 959.16 304 962.45 1150 958.69 226.6 958.01
325 960.39 180.0 959.15 320 961.36 117.0 058.80 229.0 958.12
331 960.23 185.0 959.09 323 960.63 120.0 958.98 232.0 958.08
36.2 958.43 188.7 959.04 331 960.09 123.0 959.04 235.0 958.11
38.2 957.85 190.0 959.22 34.1 959.38 126.0 959.06 238.0 957.95
40.2 957.69 195.0 959.13 358 958.61 129.0 959.12 240.0 958.03
434 957.30 197.0 959.08 36.7 958.34 131.0 958.76 243.3 958.09
46.0 956.97 199.0 959.33 38.0 958.16 133.8 958.64 244 .4 957.84
50.0 956.68 201.0 959.36 40.0 957.88 1353 958.38 245.6 957.96
53.0 956.60 205.0 959.39 409 957.53 138.0 958.43 246.0 957.80
57.0 956.50 210.0 959.28 41.3 957.23 141.0 958.56 2465 957.31
58.0 956.44 215.0 959.24 43.0 957.08 144.0 958.78 247.0 957.20
60.0 956.60 220.0 959.19 45.0 957.00 1470 958.86 250.0 957.14
63.0 956.42 222.0 959.14 48.0 956.77 150.0 959.02 252.5 956.94
66.0 956.70 224.0 958.72 51.0 956.63 153.0 959.15 253.6 957.13
69.0 956.84 226.0 958.30 54.0 956.74 156.0 959.21 253.8 957.56
72.0 956.99 227.0 957.91 57.0 956.74 159.0 959.16 254.7 957.94
75.0 957.09 230.0 957.97 59.5 956.43 162.0 959.22 255.0 958.16
80.0 957.04 2350 957.76 62.0 956.42 165.0 959.23 256.0 958.17
84.0 956.99 240.0 957.65 65.0 956.60 168.0 959.16 257.5 958.09
87.0 956.96 246.0 957.58 69.0 956.72 171.0 959.16 258.0 958.22
90.0 957.30 250.0 957.21 71.0 956.72 174.0 959.27 258.8 958.82
91.5 957.48 256.0 957.61 74.0 956.86 177.0 959.17 261.0 958.77
94.2 957.70 258.5 958.24 75.0 956.91 180.0 959.17 264.0 958.77
100.0 957.95 259.0 958.84 77.0 956.78 183.0 959.18 267.0 958.64
105.0 958.08 270.0 958.63 80.0 956.88 186.0 959.06 269.8 958.63
110.0 958.35 2740 958.76 83.0 956.99 189.0 959.05 271.6 958.85
115.0 958.73 277.0 959.17 834 957.07 192.0 959.16 273.0 958.70
120.0 959.01 280.0 959.28 84.0 957.16 195.0 959.12 274.6 958.96
125.0 959.07 85.5 957.25 197.0 959.07 275.4 959.14
129.6 959.13 88.0 957.26 198.0 959.18 278.0 959.25
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Table 28. (Continued) Listing of horizontal stations and elevations for cross section PR167.5
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1985 1992 1992

2 October 27 August 27 August
Sta. Elev. Sta. Elev. Sta. Elev.
281.0 959.26 0.0 963.29 80.3 956.95
284.0 959.27 1.8 963.25 81.0 957.03
287.0 959.16 10.2. 963.27 81.5 957.10
288.0 959.28 133 963.28 822 957.02
291.0 959.17 16.4 963.26 83.0 956.98
293.0 959.14 22.0 963.23 852 957.02
296.0 959.11 25.6 963.25 86.5 957.04
299.0 959.14 27.0 963.26 88.4 956.95
300.0 959.17 29.0 963.23 89.3 957.12
301.0 958.96 30.0 963.18 89.7 957.42
30.4 962.98 90.0 957.63
30.6 962.28 91.0 957.93
31.2 962.08 91.7 957.98
316 961.83 91.9 958.10
31.9 961.15 93.0 958.15
33.1 960.28 95.0 958.18
34.0 959.70 97.0 958.16
356 958.75 99.0 958.13
362 958.56 101.0 958.13
374 958.41 103.0 958.12
38.4 958.36 105.0 958.15
39.6 957.57 107.0 958.21
40.7 957.36 110.0 958.37
42.0 957.19 112.0 958.46
44.0 957.04 1140 958.58
46.0 956.92 116.0 958.80
48.0 956.79 118.0 958.93
50.0 956.63 120.0 959.00
520 956.60 123.0 959.05
540 956.72 126.0 959.06
56.0 956.74 128.0 959.13
58.0 956.74 129.5 959.10
60.0 956.80 132.0 958.72
62.0 956.77 134.0 958.62
64.0 956.79 1353 958.42
66.0 956.77 136.0 958.42
68.0 956.79 138.0 958.46
70.0 956.78 140.0 958.51
72.0 956.74 143.0 958.70
74.0 956.75 1460  958.85
77.0 956.83 149.0 958.93

79.0 956.90
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Description of Cross Section PR168.5

Location: Township 6 South/Range 50 East--section 21
U. S. Geological Survey quadrangle (1:24,000): Lonesome Peak

Landowners--left bank: Gay Ranch

--right bank: Gay Ranch
Access: Left bank--high bank; Right bank--point bar

Permission from: Gay Ranch

Distance from Moorhead Gaging Station: 53.3 kilometers

Azimuth of Section (degrees magnetic): 221

Reference Monuments

[Monuments at stations -1.0 and 0.0 were closest to leveling instrument before 1998 and monuments at station 151.0 was closest to
leveling instrument in 1998])

GPS-NADS3 (1992)

Measurement
Elevation

Standard Horizontal

Station deviation precision (NGVD1929)
Description (m) Latitude Longitude {(m) (m) (m)

172-inch-rebar; 0.23 meter above 1998 ground  .16.0  45°17°34.14”  105°35°34.22”  0.257 0.772 958.61
level

1/2-inch-rebar; 0.14 meter above 1998 ground -1.0 958.75
level

1/2-inch-rebar; 0.03 meter above 1998 ground 0.0 058.67
level )

1/2-inch-rebar; 0.12 meter above 1998 ground  151.0  45°17°31.06”  105°35°40.53”  0.819 0.460 958.40

level
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See Figure 8 for location
of cross section

PR168.5

MN

" 4

nail is 0.2 m above clump of cottonwood trees
6 1998 ground level, is in approximately the

center of an open area

about 60 m in diameter
salt cedar

265°
approximate location 2,5“‘ 0\‘_ a126m —

of left bank\

STATION -16.0
< —STATION -1.0
~ ‘about 6m

(12-mm-diameter stee! rod)
(12-mm-diameter steel rod)

Q 10 20 -] 40 METZAS
L | I ] l
(T v Ty

b 3Q 100 #3227

Drawn 1998

Figure 80. Upper: Location of cross section PR168.5 is shown in figure 8. Lower: Location of
the reference monument on the left bank. MN is magnetic north
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Figure 81. Profiles of cross section PR168.5 from 1980 to 1998.
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Table 29. Listing of horizontal stations and elevations for cross section PR168.5

[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1980 1980 1985 1985 1992

20 October 20 October 7 October 7 October 1 September

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-10.0 958.43 82.0 957.14 -1.0 958.61 85.0 956.98 -1.0 958.60
-5.0 958.46 84.0 956.91 0.0 958.64 88.0 956.97 0.0 958.64
-2.5 958.46 85.5 957.00 3.0 958.63 91.0 957.05 2.0 958.64
-1.0 958.49 87.0 956.86 5.0 958.60 94.0 957.09 40 958.61
0.0 958.65 91.0 957.06 8.0 958.46 97.0 957.40 6.0 958.61
3.0 958.63 93.0 956.96 11.0 958.40 100.0 957.45 8.0 958.51
6.0 958.60 97.0 957.39 14.0 958.37 102.0 957.62 10.0 958.42
7.0 958.56 99.0 957.38 17.0 958.41 104.0 957.79 12.0 958.42
9.0 958.38 103.3 957.83 20.0 958.45 107.0 957.73 i4.0 958.37
11.0 958.40 106.0 957.81 214 958.46 110.0 957.74 16.0 958.42
13.0 958.43 110.0 957.73 21.6 957.67 112.0 957.69 17.3 958.40
16.0 958.41 112.0 957.68 22,0 957.04 115.0 957.91 17.5 956.79
19.0 958.43 115.0 957.88 225 956.81 116.0 957.87 18.0 956.73
22.0 958.48 120.0 958.02 22.7 956.54 119.0 957.98 19.0 956.63
233 958.36 125.0 958.17 235 956.21 122.0 958.08 19.4 956.37
235 957.11 129.6 958.21 25.0 955.83 125.0 958.16 21.0 956.23
24.0 956.79 130.7 958.36 28.0 955.60 224 956.10
25.0 956.05 135.5 958.28 31.0 955.62 23.0 956.01
260 955.73 137.0 958.06 34.0 955.53 24.6 955.80
270 955.51 138.0 958.19 37.0 955.55 26.0 955.39
29.0 955.50 140.0 958.19 40.0 955.67 27.0 955.37
32.0 955.43 145.0 958.14 43.0 955.84 29.0 955.50
35.0 955.33 150.0 958.23 46.0 956.07 310 955.54
38.0 955.44 151.0 958.26 48.0 956.05 33.0 955.77
41.0 955.46 50.0 955.85 35.0 955.91
440 955.67 53.0 955.95 37.0 955.88
47.0 955.82 55.3 956.21 39.0 955.91
50.0 955.93 58.0 956.28 41.0 955.92
51.0 956.10 61.0 956.29 430 955.97
54.0 956.06 64.0 956.26 45.0 955.89
55.3 956.07 65.3 956.38 46.0 955.88
56.3 956.26 67.5 956.46 48.0 955.99
61.0 956.36 69.0 956.39 48.7 956.08
65.0 956.29 70.0 956.45 49.9 956.00
68.0 956.28 71.0 956.50 50.6 956.09
70.0 956.15 72.5 956.75 51.0 956.14
71.0 956.25 75.5 956.90 51.7 956.33
72.0 956.41 76.4 957.08 52.5 956.37
740 956.50 78.0 957.12 53.0 956.48
77.0 956.63 80.0 956.97 55.0 956.54
79.4 956.68 81.0 957.15 57.0 956.55
81.0 957.18 83.0 957.04 58.0 956.54
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Table 29. (Continued) Listing of horizontal stations and elevations for cross section PR168.5
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1992 1998 1998

1 September 2 October 2 October
Sta. Elev. Sta. Elev. Sta. Elev.
58.7 956.71 -16.0 958.38 75.0 957.71
59.6 956.86 -13.0 958.35 78.0 957.83
60.0 956.98 -10.0 958.43 81.0 957.81
60.7 957.04 -7.0 958.39 83.0 957.82
61.0 957.11 -4.0 958.41 85.0 957.68
62.0 957.07 -1.0 958.61 88.0 957.53
63.9 957.15 0.0 958.65 91.0 957.58
65.3 956.91 20  958.66 930  957.63
67.0 957.08 4.0 958.62 954 957.52
67.6 957.19 6.9 958.57 97.0 957.62
69.0 957.19 7.0 956.89 99.7 957.54
71.0 957.15 9.4 956.20 102.0 957.79
73.0 957.12 12.0 955.40 104.0 957.91
73.6 957.10 13.0 955.07 107.0 957.80
75.0 957.18 18.0 955.15 110.0 957.77
76.0 957.23 19.0 955.29 113.0 957.82
78.0 957.27 21.0 955.80 116.0 957.89
80.0 957.20 225 955.93 119.0 957.98
820 957.29 245 955.98 121.1 958.01
84.0 957.29 26.0 956.03 125.0 958.16
86.0 957.22 29.0 956.05 128.0 958.24
88.0 957.13 32.0 956.08 131.0 958.28
91.0 957.14 35.0 956.17 134.0 958.27
93.0 957.13 38.0 956.12 136.0 958.28
95.0 957.27 38.8 956.21 1374 958.06
96.0 957.26 39.0 956.41 139.0 958.25
97.5 957.45 41.0 956.55 142.0 958.19
99.0 957.44 44.0 956.74 145.0 958.15
100.0 957.50 47.0 956.88 148.0 958.15
102.0 957.74 50.0 957.05 151.0 958.27
103.0 957.69 53.0 957.20
103.5 957.85 56.0 957.28
105.0 957.84 58.0 957.40
107.0 957.75 59.5 957.68
109.0 957.70 61.0 957.70
1120 957.73 63.0 957.63
114.0 957.94 64.0 957.74
116.0 957.90 66.0 957.70
68.0 957.65
70.0 957.72
72.0 957.73
73.0 957.82
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Description of Cross Section PR169.2

Location: Township 6 South/Range 50 East--section 22 and 27
U. S. Geological Survey quadrangle (1:24,000): Lonesome Peak
Landowners--left bank: EB Ranch
--right bank: Daily Ranch
Access: Left bank
Permission from: EB Ranch
Distance from Moorhead Gaging Station: 54.0 kilometers
Azimuth of Section (degrees magnetic): 114

Reference Monuments

[Monuments at stations 151.0 and 154.6 were closest to leveling instrument ]

GPS-NADS3 (1992) Measurement
Elevation
Standard Horizontal
Station deviation precision (NGVD1929)
Description ) {m) Latitude Longitude (m) (m) (m)

172-inch-rebar; 0.17 meter above 1998 ground .10  45°17°24.677 105°35°23.82”  0.466 0.495 957.69

level
1/2-inch-rebar; 0.13 meter above 1998 ground 151 0 958.05

level; 0.25 meter downriver from a cotton-

wood tree (0.50 meter diameter at breast

height) with a nail 1.6meter above 1998

ground level
1/2-inch-rebar; 0.15 meter above 1998 ground  154.5  45°17°21.59” 105935°'18.17°  0.534 0.924 958.96

level; under 2-strand, barbed-wire fence

with tree posts
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See Figure 8 for location
of cross section

PR169.2

approximate location of right bank
bank crossed section at about
station 133 in 19981

» 2-strand barbed-wire fence

S 744 (12-mm-diameter steel rod)
nail in tree is o) 7 f
1.6 m above STATION 151.0
STATION 154.6

1998 ground level

Drawn 1998

Figure 82. Upper: Location of cross section PR169.2 is shown in figure 8. Lower: Location of
the reference monuments on the right bank. MN is magnetic north.
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Figure 83. Profiles of cross section PR169.2 from 1980 to 1998.
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Table 30. Listing of horizontal stations and elevations for cross section PR169.2
{Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1980 1990 1985 1985 1992

21 October 21 October " 5 October 5 October 2 September

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-15.0 957.73 110.0 954.98 0.0 957.49 106.0 955.01 10.0 957.22
-11.0 957.46 114.0 954.94 4.0 957.36 109.0 954.85 16.0 957.24
-9.0 957.29 117.0 955.00 7.0 957.26 112.0 955.01 20.0 958.12
-6.0 957.21 120.0 954.92 10.0 957.19 115.0 955.03 25.0 957.09
-20 957.26 123.0 954.80 13.0 957.15 118.0 955.02 28.0 957.16
-1.0 957.55 125.0 954.68 154 957.36 121.0 955.07 31.0 957.21
0.0 957.51 126.0 954.80 18.0 957.16 124.0 955.04 34.0 957.40
3.0 957.38 127.7 955.31 21.0 . 957.13 127.0 954.94 36.0 957.42
6.0 957.30 128.6 956.05 24.0 957.10 128.7 955.48 38.0 957.32
9.0 957.25 128.7 957.70 27.0 957.13 129.7 955.93 41.0 957.17
12.0 957.13 130.0 957.92 30.0 957.23 129.8 957.81 43.0 957.10
15.0 957.35 134.0 957.87 33.0 957.21 131.0 957.90 46.0 957.04
17.0 957.17 138.0 957.74 36.0 957.39 134.0 957.84 48.0 957.10
194 957.07 142.0 957.68 39.0 957.28 137.0 9571.77 50.0 957.05
23.0 957.10 146.0 957.69 - 420 957.14 140.0 957.70 515 956.95
27.0 957.14 150.0 957.83 450 957.04 143.0 957.68 54.0 956.54
30.0 957.20 151.0 957.89 47.0 957.09 146.0 957.70 56.0 956.49
33.0 957.23 154.6 958.82 50.0 957.05 149.0 957.79 58.0 956.46
340 957.39 51.5 956.96 151.0 957.91 60.0 956.47
36.0 957.44 53.0 956.63 154.6 958.82 62.0 956.39
39.0 957.30 54.0 956.51 64.0 956.47
42,0 957.13 56.0 956.44 66.0 956.42
45.0 957.00 59.0 956.32 67.0 956.36
47.0 957.10 62.0 956.23 68.0 956.32
50.0 957.04 65.0 956.24 70.0 956.35
52.0 956.93 66.9 956.20 72.0 956.32
54.0 956.44 68.1 955.86 73.3 956.27
55.0 956.49 69.0 955.77 . 745 956.06
58.0 956.25 i 70.0 955.83 76.3 955.63
60.0 956.05 72.6 955.96 78.4 955.64
61.0 956.17 75.0 955.86 79.5 955.59
65.0 956.08 78.0 955.77 80.1 955.62
70.0 956.17 81.0 955.75 82.0 955.62
71.0 956.15 833 955.70 84.0 955.62
73.0 955.71 843 955.55 86.0 955.62
75.0 955.71 87.0 955.58 88.0 955.55
80.0 955.63 90.0 955.48 89.6 955.55
85.0 955.55 91.0 955.42 91.5 955.48
90.0 955.38 94.0 955.30 93.0 955.49
95.0 955.05 970 95535 94.7 955.48
100.0 954.99 100.0 955.20 95.0 955.43
105.0 955.07 103.0 955.09 97.0 955.36
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Table 30. (Continued) Listing of horizontal stations and elevations for cross section PR169.2
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1992 1998 1998
2 September 2 October 2 October
Sta. Elev. Sta. Elev. Sta. Elev.
98.0 955.30 -1.0 957.52 95.0 955.11
100.0 955.19 0.0 957.50 98.0 955.08
102.0 955.18 20 957.42 101.0 955.17
104.0 955.13 4.0 957.38 104.0 955.18
106.0 955.10 7.0 957.27 107.0 955.24
108.0 955.06 10.0 957.21 110.0 955.21
110.0 955.04 13.0 '957.17 113.0 955.13
112.0 955.02 l 15.3 957.36 116.0 955.08
114.0 955.01 17.0 957.19 118.0 954.95
1160  955.01 19.0 957.13 120.0 954.85
118.0 954.96 22.0 957.11 122.0 954.64
120.0 954.93 25.0 957.10 124.0 954.56
122.0 954.92 28.0 957.17 126.0 954.64
124.0 954.84 30.0 957.25 128.0 954.57
126.1 954.71 32.0 957.23 129.0 954.68
127.0 954.93 34.0 957.37 130.9 955.38
1285 955.00 36.0 957.42 1325 955.90
129.6 955.31 39.0 957.29 1329 956.50
130.3 955.60 42.0 956.95 133.0 957.84
130.5 955.94 45.0 957.03 135.0 957.84
130.9 955.99 48.0 957.09 137.6 957.77
131.2 956.63 51.0 956.97 140.0 957.68
1313 957.86 52.0 956.88 143.0 957.69
132.0 957.89 54.5 956.57 146.0 957.73
133.0 957.90 58.0 956.64 149.0 957.78
135.0 957.86 61.0 956.62 151.0 957.91
138.0 957.75 63.0 956.74 154.6 958.83
141.0 957.69 65.0 956.73
1440 957.68 68.0 956.81
147.0 957.74 70.0 956.82
150.0 957.82 72.0 956.70
74.4 956.22
75.4 955.84
76.0 955.77
773 955.59
79.0 955.66
81.0 955.69
84.0 955.64
87.0 955.54
90.1 955.45
904 955.38
92.0 955.16
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Description of Cross Section PR169.8

Location: Township 6 South/Range 50 East--section 22
U. S. Geological Survey quadrangle (1:24,000): Lonesome Peak
Landowners--left bank: E. B. Ranch
--right bank: E. B. Ranch
Access: Left bank
Permission from: E. B. Ranch
Distance from Moorhead Gaging Station: 54.6 kilometers
Azimuth of Section (degrees magnetic): 127

Reference Monuments

[Monument at station 0.0 was closest to leveling instrument}

GPS-NADS3 (1992) Measurement
Elevation
Standard Horizontal
Station deviation precision (NGVD1929)
Description (m) Latitude Longitude (m) (m) (m)
1/2-inch-rebar; 0.20 meter above 1998 ground 0.0 45°17°41.85”  105°35°16.46”  0.268 0.779 95845
level; 0.05 meter riverward of an orange
metal fence post
1/2-inch-rebar; 0.13 meter above 1998 ground 1510 45°17°38.07" 105°35°12.05"  0.390 0.438 957.42

level; in a clearing landward of first group
of 15-20 meter high cottonwood trees
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See Figure 8 for lacation
of cross section

PR169.8

<020
—

4-strand barbed-wire fence

with alternating tree /

/and orange metal posts

STATION 0.C>

(12-mm-diameter steel rod)

0 10 20 30 40 METERS
| 1 ]
| F1raT [ LI DL r
Q S0 100 FEET
Orawn 1998

Figure 84. Upper: Location of cross section PR169.8 is shown in figure 8. Lower: Location of
the reference monuments on the left bank. MN is magnetic north.

224




ELEVATION, IN METERS ABOVE SEA LEVEL

959
958

957

956
955
954

-50 0 50 100 150

959
958
957
956
955
954

959
958
957
956
955
954

rfT“'—rrrffrTTrf"‘rrtr

L. eme=1992

PRI AN WU NU ISP W SHT W GO SN SO SN U NN VY T

=50 0 50 100 150

T*l—*rrrv trﬁrtu’f?‘rr’r L RN 28

T T T T

o™
| N S LJ_I;L LLEL § I LLLLL

=50 0 S0 100 150

DISTANCE, IN METERS

Figure 85. Profiles of cross section PR169.8 from 1980 to 1998.
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Table 31. Listing of horizontal stations and elevations for cross section PR169.8
{Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1980 1980 1985 1985 1992

21 October 21 October 5 October 5 October 2 September

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
0.0 958.24 120.0 956.68 .00 958.25 972 955.23 0.0 958.24
2.0 958.28 122.8 956.82 3.0 958.24 974 955.57 3.0 958.24
5.0 958.28 124.0 957.06 6.0 958.34 99.0 955.88 6.0 958.35
10.0 958.45 126.0 957.16 9.0 958.43 102.0 955.98 9.0 958.43
15.0 958.42 127.0 957.29 12.0 958.34 105.0 956.22 12.0 958.40
20.0 958.34 130.0 957.25 15.0 958.33 108.0 956.35 15.0 958.39
25.0 958.42 133.0 957.29 18.0 958.42 111.0 956.35 17.0 958.37
26.6 958.46 135.0 957.42 21.0 958.38 113.0 956.36 20.0 958.37
28.2 958.32 138.0 957.48 24.0 958.43 115.0 956.47 25.0 958.39
309 957.40 140.0 957.39 26.0 958.43 118.0 956.57 26.8 958.44
327 957.40 142.8 957.14 28.0 958.32 121.00 956.74 28.0 958.34
343 957.23 144.0 957.25 29.0 958.04 122.6 956.85 30.0 957.76
370 957.56 150.0 957.32 300 957.73 123.7 957.04 31.2 957.38
40.0 957.32 151.0 957.30 310 957.37 125.0 957.04 33.0 957.37
42.0 957.31 33.0 957.35 127.0 957.25 35.0 957.28
420 956.31 34.6 957.25 130.0 957.23 36.0 957.41
42.6 955.82 36.3 957.42 133.0 957.31 37.0 957.46
44.0 955.09 38.0 957.44 136.0 957.45 39.0 957.42
450 954.78 40.0 957.34 139.0 957.43 40.1 957.32
47.1 954.26 41.1 957.33 142.0 957.20 40.2 955.79
49.0 953.96 41.6 956.22 143.0 957.13 41.5 955.21
53.0 954.14 422 955.98 145.0 957.21 423 954.78
56.0 954.21 43.0 955.28 148.0 957.32 433 954.37
59.0 954.43 43.8 954.99 151.0 957.27 46.0 954.43
61.0 954.78 46.0 954.45 48.0 954.53
65.0 954.78 49.0 954.47 50.0 954.56
68.0 954.78 520 954.48 52.0 954.54
75.0 954.84 55.0 954.39 54.0 954.55
80.0 95490 58.0 954.61 56.0 954.56
85.0 954.91 61.0 954.48 58.0 954.55
90.0 954.89 64.0 954.57 60.0 954.59
93.0 954.97 67.0 954.66 62.0 954.60
96.2 954.77 70.0 954.75 ) 64.0 954.61
972 955.10 73.0 954.76 66.0 954.64
98.4 955.78 76.0 954.79 68.0 954.60
100.0 95591 79.0 954.68 70.0 954.54
103.0 956.05 82.0 954.47 72.0 954.45
106.0 956.32 84.0 954.72 74.0 954.37
110.0 956.31 87.0 954.86 76.3 954.77
113.0 956.33 90.0 954.93 76.4 954.87
116.0 956.55 93.0 954.90 79.0 954.87
118.0 956.57 96.0 955.00 80.5 954.83
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Table 31. (Continued) Listing of horizontal stations and elevations for cross section PR169.8
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1992 1998 1998

2 September 1 October 1 October
Sta. Elev. Sta. Elev. Sta. Elev.
82.0 954.75 0.0 958.25 95.6 955.17
834 954.79 3.0 958.25 96.1 955.62
84.0 954.75 6.0 958.36 97.0 955.81
86.0 954.75 9.0 95842 99.0 955.98
88.0 954.82 12.0 958.39 101.0 956.00
90.0 954.82 15.0 958.38 104.0 956.21
92.0 954.79 17.0 958.36 107.0 956.38
94.0 954.74 18.0 958.44 110.0 956.39
94.5 954.74 19.0 958.35 113.0 956.41
94.6 955.21 220 958.42 116.0 956.57
95.6 955.55 25.0 958.39 119.0 956.63
97.0 955.55 27.0 958.41 122.0 956.80
98.0 955.77 28.0 958.34 125.0 957.06
100.0 955.95 29.0 958.07 128.0 957.26
1015 955.96 30.9 957.38 131.0 957.25
103.0 956.07 32.0 957.38 134.0 957.42
105.0 956.25 34.0 957.26 137.0 957.51
107.0 956.37 35.0 957.24 140.0 957.40
110.0 956.35 35.2 956.13 143.0 957.15
1130 956.37 36.3 955.28 146.0 957.33
1155 956.51 38.0 954.93 149.0 957.32
1164 956.62 39.4 954.82 151.0 957.30
118.0 956.65 42.0 954.56
1200 956.71 45.0 954.37
1225 956.85 48.0 954.21
124.0 957.06 51.0 954.28
127.0 957.28 53.0 954.15
130.0 957.26 56.0 954.16
1330 957.32 59.0 954.42
136.0 957.46 62.0 954.29
138.0 957.49 65.0 954.41
140.0 957.40 68.0 954.35
143.0 957.15 71.0 954.72
145.0 957.24 74.0 954.84
148.0 957.34 76.0 954.83
151.0 957.29 79.0 954.77
82.0 954.57
85.0 954.54
88.0 954.62
91.0 954.66
94.0 954.51
95.0 954.83
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Description of Cross Section PR170.5

Location: Township 6 South/Range 50 East--section 22
U. S. Geological Survey quadrangle (1:24,000): Lonesome Peak
Landowners--left bank: Daily or Rice Ranch
--right bank: Rice or Daily Ranch
Access: Right bank
Permission from: Daily Ranch
Distance from Moorhead Gaging Station: 55.3 kilometers
Azimuth of Section (degrees magnetic): 101

Reference Monuments

[Monuments at stations 150.0 and 168.95 were closest to leveling instrument]

GPS-NADS83 (1992) Measurement
Elevation
Standard Horizontal
Station deviation precision (NGVD1929)
Description (m) Latitude Longitude (m) {m) {m)
1/2-inch-rebar; 0.13 meter above 1998 ground 337  45°17'57.44”  105°35°00.38”  0.523 0.711 957.07
level; under 4-strand, barbed-wire and 1-
strand electric-wire fence with mostly
metal and some tree posts
1/2-inch-rebar; 0.16 meter above 1998 ground -1.0 956.93
level
1/2-inch-rebar; 0.14 meter above 1998 ground  150.0 . 957.22
level; 0.30 meter downstream from a 3-
strand rusty and 1-strand galvanized,
barbed-wire fence with tree posts
1/2-inch-rebar; 0.12 meter above 1998 ground 16895 45°17°54.69” 105°34°51.91”  0.411 0.578 957.06
level; under a 2-strand, barbed-wire fence
with tree posts
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Figure 86. Upper: Location of cross section PR170.5 is shown in figure 8. Lower: Location of
the reference monuments on the right bank. MN is magnetic north.
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Figure 87. Profiles of cross section PR170.5 from 1980 to 1998.
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Table 32. Listing of horizontal stations and elevations for cross section PR170.5
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1980 1980 1985 1985 1992

21 October 21 October 5 October 5 October 2 September

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-33.7 956.91 113.0 954.33 8.7 956.58 99.0 954.35 -1.0 956.76
-25.0 956.83 114.6 954.06 10.0 956.47 102.0 95445 4.0 956.46
-15.0 956.67 116.0 954.25 12.0 956.80 105.0 954.35 7.0 956.46
-11.0 956.46 118.5 954.48 135 956.66 108.0 954.42 10.0 956.46
-5.0 956.71 119.5 954.68 150 956.80 111.0 954.48 11.7 956.77
-1.0 956.76 120.6 955.53 18.0 956.71 114.0 954.48 13.5 956.66
0.0 956.79 1212 95694 21.0 956.56 117.0 954.45 154 956.88
1.7 956.72 124.0 957.02 24.0 956.47 1194 954.28 17.0 956.76
4.0 956.43 125.4 957.12 27.0 956.49 1205 954.54 20.0 956.64
6.0 956.41 127.0 956.82 30.0 956.43 121.8 955.63 23.0 956.47
8.6 956.62 129.5 956.82 32.0 956.26 122.0 956.12 26.0 956.46
10.0 956.45 131.0 956.98 35.0 956.13 122.1 956.01 29.0 956.51
12.0 956.75 133.0 957.06 38.0 956.19 122.2 956.96 32.0 956.27
134 956.66 135.0 957.17 40.0 956.07 124.0 957.00 35.0 956.13
15.5 956.86 138.5 957.14 40.8 956.02 125.0 957.13 38.0 956.19
17.0 956.78 140.0 956.97 42.4 955.40 127.0 956.85 40.0 956.05
225 956.46 142.6 957.02 43.6 955.24 129.0 956.76 41.0 955.94
25.0 956.47 145.0 956.93 442 955.25 132.0 957.01 43.0 955.39
30.0 956.43 148.0 956.97 45.0 954.80 135.0 957.17 45.0 955.25
35.0 956.13 150.0 957.11 46.2 954.58 138.0 957.15 46.0 955.22
38.0 956.18 158.0 956.82 48.0 954.27 141.0 956.95 46.4 955.26
400 956.04 165.0 957.05 50.0 954.23 143.0 956.99 47.0 955.00
41.0 955.98 168.9 956.93 52.0 954.24 146.0 956.96 47.6 954.50
2925 955.12 55.0 954.21 149.0 956.96 479 954.38
433 954.69 58.0 954.15 50.0 954.19
450 954 .49 61.0 954.11 52.0 954.16
47.0 954.30 64.0 953.99 54.0 954.12
50.0 954.27 67.0 953.82 56.0 954.10
55.0 954.20 70.0 954.09 58.0 954.06
60.0 954.28 73.0 954.08 60.0 954.04
65.0 954.33 74.0 954.29 62.0 953.94
70.0 954.31 76.0 954 41 64.0 953.95
75.0 954 45 79.0 954.56 66.0 954.01
80.0 95442 82.0 954.64 68.0 954.09
85.0 954.40 84.2 954.64 70.0 954.16
90.0 954.30 847 954.51 72.0 954.12
93.0 954.22 88.0 954.53 74.0 954.17
96.0 954.03 90.0 954.59 76.0 954.29
99.0 954.02 91.0 954.56 78.0 954.29
102.0 954.14 94.0 954.60 80.0 954.33
106.0 954.41 96.9 954.59 82.0 954.41
110.0 954.46 97.4 954.34 85.0 95442
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Table 32. (Continued) Listing of horizontal stations and elevations for cross section PR170.5
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1992 1998 1998

2 September 2 Octiber 2 October
Sta. Elev. Sta. Elev. Sta. Elev.
88.0 954.37 -33.7 956.93 96.0 954.17
91.0 954.34 -1.0 956.77 99.0 954.25
92.2 954.14 1.0 956.72 102.0 954.21
94.0 954.11 4.0 956.47 105.0 954.20
96.0 954.28 7.0 956.47 108.0 954.13
985 954.31 8.5 956.57 111.0 954.11
100.0 954.34 10.0 956.46 114.0 953.88
102.0 954.38 12.0 956.78 117.0 953.97
104.0 954.39 14.0 956.67 - 1200 954.02
106.0 954.38 15.5 956.91 121.8 954.35
108.0 954.37 17.0 956.76 124.5 955.97
108.8 954.19 20.0 956.63 1248 956.40
1093 954.32 23.0 956.46 125.0 957.13
111.0 954.34 26.0 956.47 127.0 956.85
113.0 954.33 29.0 956.50 128.7 956.79
1150 954.28 32.0 956.27 131.0 956.98
117.0 954.24 350 956.12 134.0 957.11
119.0 954.25 37.0 956.18 136.0 957.27
120.6 954.21 40.0 956.06 138.0 957.17
121.0 954.37 420 955.76 140.5 956.96
1219 954.96 43.0 955.63 143.0 957.00
122.1 955.55 45.0 955.71 146.0 956.96
1229 956.11 46.0 955.59 148.0 956.97
1230 956.94 472 954.99 150.0 957.07
124.0 957.02 474 954.62 169.0 956.95
125.0 957.13 48.1 954.32
127.0 956.85 50.0 954.20
128.0 956.79 53.0 954.08
130.0 956.92 56.0 953.99
132.7 957.06 59.0 953.83
135.0 957.18 62.0 953.65
137.0 957.18 64.0 953.65
140.5 956.96 66.0 954.11
144.0 957.01 69.0 954.20
147.0 956.97 72.0 954.13
149.0 956.98 75.0 954.13
150.0 957.10 78.0 954.07
81.0 954.06
84.0 954.02
87.0 954.09
90.0 954.05
93.0 953.93
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Description of Cross Section PR175

Location: Township 6 South/Range 50 East--section 15
U. S. Geological Survey quadrangle (1:24,000): Lonesome Peak
Landowners--left bank: Emmons Family
--right bank: Emmons Family
Access: Left bank
Permission from: Emmons Family
Distance from Moorhead Gaging Station: 58.32 kilometers
Azimuth of Section (degrees magnetic): 058

Reference Monuments

[Russian olive trees block the line of sight between stations -1.7 and 100.0; leveling instrument was setup near station 140.0]

GPS-NADS83 (1992) Measurement
Elevation
Standard Horizontal
Station deviation precision (NGVD1929)
Description (m) Latitude Longitude (m) (m) (m)

Benchmark--brass circular plate; offsection -- 45°18°59.74”  105°34°37.31”  0.468 0.546 953.58

1/2-inch-rebar; 0.19 meter above 1998 ground  _39.3 953 .49
level; on a fence line with 4-strands of
barbed-wire and 1-strand of electric wire

1/2-inch-rebar; 0.08 meter above 1998 ground 17 953.65
level

1/2-inch-rebar; 0.17 meter above 1998 ground 0.7 45°18°59.45"  105°34°36.23”  0.310 0.614 953.77
level

1/2-inch-rebar; 0.05 meter belowe 1998 0.0
ground level

1/2-inch-rebar; 0.11 meter above 1998 ground 99 9 952.95
level

1/2-inch-rebar; 0.04 meter above 1998 ground  100.0 952.79
level

1/2-inch-rebar; 0.05 meter below 1998 ground 1240 952.84
level

172-inch-rebar; 0.12 meterabove 1998 ground 1250  45°19°00.71”  105°34°30.74”  0.225 0.549 953.05
level

1/2-inch-rebar; 0.08 meter above 1998 ground 2500 952.95
level; on riverward side of large log; ele-
vation is +0.02 meter

1/2-inch-rebar; 0.03 meter above 1998 ground 3000 953.18
level; elevation is +0.01 meter

1/2-inch-rebar; 0.16 meter above 1998 ground 3200  45°19°02.68”  105°34'22.25”  0.485 0.565 953.56

level; elevation is +0.03 meter
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Figure 88. Upper: Location of cross section PR175, bench mark BM-PR175, and the left and
right bank reference monuments in the Lonesome Peak quadrangle. Lower: Location of
the bench mark on the left bank. MN is magnetic north.
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Figure 89. Profiles of cross section PR175 from 1988 to 1992.
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Figure 90. Profiles of cross séction PR175 from 1992 to 1996.
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Figure 91. Profiles of cross section PR175 from 1996 to 1998.
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Table 33. Listing of horizontal stations and elevations for cross section PR175
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1989 1989 1989 1990 1990
22 September 22 September 22 September 21 September 21 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
124.0 952.82 186.0 950.72 257.0 952.20 94.8 952.95 157.0 951.22
126.0 952.85 188.0 950.74 260.0 952.24 95.0 952.90 158.0 951.23
128.0 952.87 190.0 950.82 263.0 952.36 96.0 952.75 160.0 951.15
130.0 952.76 191.0 950.86 266.0 952.39 98.0 952.75° 162.0 951.12
132.0 952.85 192.0 950.75 268.0 952.54 100.0 952.76 164.0 951.12
134.0 952.84 194.0 950.69 270.0 952.64 102.0 952.79 166.0 951.16
136.0 952.84 196.0 950.73 272.0 952.69 104.0 952.78 168.1 951.14
138.0 952.86 198.0 950.75 274.0 952.71 106.0 952.83 168.2 951.05
140.0 952.88 200.0 950.78 276.0 952.63 108.0 952.85 169.0 950.88
141.0 952.80 202.0 950.83 279.0 952.74 110.0 952.84 171.0 950.79
142.8 952.63 203.8 950.86 282.0 952.94 112.0 952.79 173.0 950.82
143.6 952.81 204.3 950.99 285.0 953.07 114.0 952.80 175.0 950.80
144.4 952.85 205.8 951.05 288.0 953.23 116.0 952.85 176.3 950.96
145.3 952.66 206.4 951.15 290.0 953.23 118.0 952.87 177.7 950.98
146.7 952.77 206.9 951.37 295.0 953.20 120.0 952.86 178.3 950.92
147.3 952.59 209.0 951.49 300.0 953.14 122.0 952.78 180.0 950.89
148.0 952.63 210.9 951.51 124.0 952.81 182.0 950.87
148.3 952.49 2113 951.58 126.0 952.85 184.0 950.85
149.0 952.27 213.6 951.68 128.0 952.85 186.0 950.83
150.0 951.63 214.0 951.77 130.4 952.75 188.0 950.84
150.6 951.36 215.7 951.79 132.0 952.85 190.0 950.87
152.5 950.98 216.2 951.68 134.0 952.84 192.0 950.87
154.0 950.87 218.0 951.66 136.0 952.84 194.0 950.86
156.0 950.91 220.0 951.64 138.0 952.86 196.0 950.92
157.3 950.98 221.5 951.60 140.0 952.90 198.0 950.86
159.0 951.08 222.4 951.73 141.0 952.79 200.0 950.86
161.1 951.05 224.0 951.69 141.7 952.79 202.0 950.81
162.0 950.96 226.0 951.58 142.7 952.64 204.0 950.84
164.0 950.88 228.0 951.40 143.6 952.81 205.0 950.86
166.0 950.87 230.0 951.52 144.5 952.83 207.0 950.94
168.0 950.83 2314 951.56 145.2 952.69 207.4 951.05
170.0 950.90 233.0 952.01 146.4 952.76 208.0 951.30
171.6 950.97 234.0 952.19 1473 952.63 208.7 951.49
173.0 950.99 236.0 952.31 148.0 952.61 209.0 951.58
174.1 950.98 238.0 952.38 148.4 952.49 209.3 951.63
175.5 950.93 240.0 952.40 148.8 95248 209.8 951.82
176.2 950.98 243.0 952.52 149.0 952.40 211.0 951.87
177.4 950.98 245.0 952.47 149.8 951.77 213.0 951.90
178.0 950.99 247.0 952.37 152.1 951.13 215.0 951.93
180.0 950.72 250.0 952.24 153.3 951.08 216.0 951.88
182.0 950.65 252.0 952.26 153.8 951.15 218.0 951.89
184.0 950.70 255.0 952.24 155.0 951.14 219.6 951.95
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Table 33. (Continued) Listing of horizontal stations and elevations for cross section PR175
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1990 1990 1991 1991 1991
21 September 21 September 1 September 1 September 1 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
220.5 951.90 289.0 953.23 120.0 952.85 180.0 95091 257.0 952.24
221.7 951.93 292.0 953.22 121.0 952.80 181.0 950.95 260.0 952.26
223.0 951.98 295.0 953.20 124.0 952.82 183.0 950.95 262.0 952.28
224.0 951.93 298.0 953.18 126.0 952.85 185.0 950.97 264.0 952.38
226.0 951.92 300.0 953.14 128.0 952.88 187.0 951.02 266.0 952.39
2277 951.90 305.0 953.21 130.0 952.78 189.0 951.02 268.0 952.53
228.0 951.86 310.0 953.20 131.0 952.76 191.1 950.95 270.0 952.62
2294 951.86 315.0 953.29 132.0 952.84 193.0 950.89
229.8 951.71 320.0 953.39 134.0 952.84 195.0 950.86
230.3 951.68 136.0 952.85 197.0 950.79
2317 951.72 138.0 952.85 200.0 950.68
233.0 951.96 140.0 952.89 202.0 950.73
234.0 952.15 142.7 952.66 204.0 950.76
235.0 952.32 144.0 952.82 205.2 950.83
237.0 952.36 145.0 952.68 207.0 950.95
239.0 952.40 147.0 952.70 209.0 951.14
240.0 952.43 148.4 952.53 211.0 951.11
2420 952.51 149.2 952.45 2140 951.05
244.0 952.52 149.6 952.17 217.0 951.01
246.0 952.46 150.2 952.06 2184 951.01
2480 952.35 150.3 951.82 219.0 951.13
250.0 952.26 1512 951.48 220.2 951.08
252.0 952.24 152.3 951.29 220.7 951.16
254.0 952.30 154.0 951.28 2223 951.92
256.0 952.26 156.0 951.34 2227 951.81
258.0 952.25 157.0 951.33 2240 951.81
260.0 952.26 157.3 951.21 2264 951.75
262.0 952.30 158.2 951.12 2277 951.81
264.0 952.38 160.0 951.14 229.5 952.13
266.0 952.40 162.0 951.15 231.0 952.27
268.0 952.53 163.2 951.16 233.0 952.23
270.0 952.61 164.0 951.30 2340 952.23
272.0 952.67 166.0 951.33 236.0 952.34
273.4 952.68 168.0 951.34 238.0 952.40
274.5 952.74 170.0 951.36 240.0 952.44
2754 952.67 172.0 951.34 2420 952.51
276.0 952.63 174.0 951.36 2440 952.50
2773 952.65 175.2 951.37 246.0 952.45
278.0 952.72 175.7 951.13 248.0 952.34
280.0 952.78 177.0 951.01 250.0 952.28
283.0 952.95 178.0 950.90 252.0 952.29
286.0 953.11 179.0 950.97 2540 952.28
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Table 33. (Continued) Listing of horizontal stations and elevations for cross section PR175

[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1992 1992 1993 1993 1993
28 August 28 August 30 August 30 August 30 August

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
120.0 952.86 187.0 950.92 100.0 952.76 162.0 951.20 228.0 952.11
122.0 952.79 189.0 950.93 102.0 952.78 164.0 951.22 230.0 952.28
1240 952.83 191.0 950.94 104.0 952.78 166.0 951.24 230.5 952.39
127.0 952.87 193.0 950.97 106.0 952.82 168.0 951.24 2324 952.56
130.0 952.78 195.0 950.99 108.0 952.84 169.0 951.12 232.6 952.33
133.0 952.85 197.0 951.01 110.0 952.86 171.0 950.87 2327 952.33
136.0 952.85 199.0 951.00 112.0 952.79 173.0 950.86 233.0 952.57
139.0 952.90 201.0 951.01 1135 952.74 175.0 950.83 235.0 952.55
142.0 952.75 203.0 951.07 115.0 952.84 177.0 950.94 237.0 952.58
143.0 952.75 205.0 951.10 117.0 952.87 179.0 950.95 238.0 952.57
1444 952.86 207.0 951.10 118.0 952.87 181.0 951.04 240.0 952.64
1454 952.70 209.0 951.06 120.0 952.85 183.0 951.04 2420 952.68
147.0 952.72 211.0 951.04 122.0 952.80 185.0 951.04 2440 952.65
148.5 952.51 213.0 951.05 124.0 952.83 187.0 950.98 246.0 952.58
149.3 952.41 215.0 951.00 126.0 952.84 189.0 951.01 248.0 952.48
149.6 952.19 217.0 950.96 128.0 952.86 191.0 951.03 250.0 952.40
1504 951.95 219.0 951.00 130.0 952.78 193.0 950.99 252.0 952.33
151.0 951.73 221.0 951.11 131.0 952.77 195.0 951.02 254.0 952.39
1514 951.20 221.4 951.21 133.0 952.84 197.0 951.06 256.0 952.38
152.0 951.10 221.7 951.32 135.0 952.85 199.0 951.07 258.0 952.34
154.0 951.12 222.0 951.39 137.0 952.84 201.0 951.09 260.0 952.35
156.0 951.14 2224 951.86 139.0 952.89 203.0 951.08 262.0 952.39
157.0 951.13 223.0 951.79 141.0 952.82 205.0 951.08 264.0 952.42
157.4 951.20 225.0 951.98 143.0 952.68 207.0 951.03 265.0 952.40
1579 951.33 227.0 951.96 144.0 952.83 209.0 951.04 266.0 952.46
159.0 951.38 228.5 951.97 145.3 952.74 211.0 951.09 268.0 952.51
160.3 951.43 230.0 952.14 147.0 952.74 213.0 951.13 269.0 952.66
162.0 951.42 231.6 952.30 148.0 952.68 215.0 951.16 270.0 952.65
164.0 951.38 233.0 952.24 149.0 952.63 2155 951.28 272.0 952.69
166.0 951.39 234.0 952.21 150.0 952.60 216.0 951.38 274.0 952.72
168.0 951.34 236.0 952.35 151.0 95224 216.7 951.41 276.0 952.66
169.7 951.34 238.0 952.38 151.1 952.13 2175 951.35 278.0 952.73
170.5 951.29 240.0 952.44 1514 952.09 2185 951.49 280.0 952.75
172.0 951.28 243.0 952.56 151.4 951.92 2195 951.57 281.6 952.87
174.0 951.31 246.0 952.47 152.0 951.64 219.7 951.68 284.0 953.02
176.2 951.34 249.0 952.30 152.5 951.49 2210 951.76 286.0 953.10
176.3 951.20 252.0 952.26 154.5 951.51 2220 951.80 288.0 953.20
177.5 950.95 254.0 952.29 156.0 951.57 2230 951.90 290.0 953.23
179.0 950.92 257.0 952.23 156.7 951.59 2245 952.13 295.0 953.21
181.0 950.80 260.0 952.26 156.8 951.50 2254 952.11 300.0 953.14
183.0 950.90 263.0 952.37 157.9 951.28 226.0 952.05 3050 ° 953.22
185.0 950.87 266.0 952.39 160.0 951.23 227.0 952.08 310.0 953.21

269.0 952.60 315.0 953.27

271.0 952.67 320.0 953.40
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Table 33. (Continued) Listing of horizontal stations and elevations for cross section PR175
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1994 1994 1995 1995 1995
21 September 21 September 30 September 30 September 30 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
120.0 952.86 196.0 950.79 -1.7 953.56 91.0 952.95 161.4 950.98
122.0 952.80 198.0 950.89 -0.7 953.59 94.0 952.98 163.0 950.94
124.0 952.83 201.0 950.90 0.0 953.53 96.0 952.84 165.0 950.90
127.0 952.87 204.0 950.95 13 953.52 98.0 952.81 167.0 950.84
130.0 952.79 207.0 950.83 1.4 953.33 999 952.83 169.0 950.93
132.0 952.85 210.0 950.92 3.0 952.68 100.0 952.83 171.0 950.98
134.0 952.84 212.0 951.04 4.0 952.50 102.0 952.84 173.0 950.95
138.0 952.86 2133 951.25 5.0 952.50 104.0 952.85 1750 950.97
141.0 952.82 213.9 951.35 6.0 952.51 106.0 952.86 177.0¢ 950.83
143.0 952.70 2121.3 951.56 7.0 952.58 108.0 952.89 179.0 950.81
1454 952.86 215.0 951.60 8.7 952.67 110.0 952.89 181.0 950.99
146.4 952.77 217.0 951.69 10.5 952.54 112.0 952.88 183.0 951.01
147.0 952.75 218.0 951.79 12.0 952.72 114.0 952.88 185.0 950.91
148.5 952.65 219.7 951.93 13.0 952.82 116.0 952.90 187.0 951.03
149.9 952.59 220.3 952.11 15.0 952.82 118.0 952.92 189.0 951.08
150.4 952.49 221.0 952.05 18.0 952.88 120.0 95291 191.0 951.15
151.0 951.21 221.6 951.95 20.0 952.86 122.0 952.87 193.0 951.22
151.8 951.13 2224 952.03 220 952.87 124.0 952.87 195.0 951.29
152.5 951.16 223.0 951.97 24.0 952.77 126.0 952.90 197.0 951.34
155.0 951.24 224.0 952.16 26.0 952.75 128.0 95291 199.0 951.29
155.8 951.24 225.0 952.24 28.0 952.80 130.0 952.87 201.0 951.33
1559 951.17 226.0 952.14 31.0 952.82 132.0 952.90 202.5 951.33
157.5 951.13 228.0 952.15 34.0 952.87 134.0 952.90 203.8 951.40
159.0 951.14 229.2 952.28 37.0 952.87 136.0 952.91 205.0 951.51
161.0 951.24 2294 952.35 39.5 952.85 138.0 952.91 207.0 951.59
163.0 951.35 232.0 952.55 40.8 952.78 140.0 952.93 209.0 951.63
164.5 951.36 232.6 952.45 43.0 952.96 142.0 952.88 211.0 951.70
166.0 951.34 233.5 952.61 46.0 952.94 144.0 952.91 213.0 951.78
168.0 951.39 236.0 952.60 49.0 952.95 146.0 952.95 215.0 951.84
170.0 951.41 239.0 952.62 520 952.95 148.0 953.03 217.0 951.90
172.0 951.42 242.0 952.68 55.0 952.94 148.8 953.06 219.0 951.92
173.6 951.35 245.0 952.63 58.0 952.93 149.8 952.62 221.0 951.95
174.4 951.15 248.0 952.50 61.0 952.93 150.8 951.87 223.0 952.05
1749 951.07 250.0 952.41 64.0 952.89 151.7 951.78 224.5 952.26
175.5 950.93 253.0 952.38 67.0 952.86 152.4 951.90 226.0 952.25
177.0 950.92 256.0 952.40 70.0 952.87 . 152.8 951.91 228.0 952.22
180.0 950.94 259.0 952.35 73.0 952.88 153.6 951.63 229.2 952.27
182.0 950.84 262.0 952.38 76.0 952.89 155.0 951.67 2304 952.52
185.0 950.84 266.0 952.42 79.0 952.89 157.3 951.74 231.5 953.01
188.0 950.84 268.0 952.48 82.0 952.89 157.4 951.54 233.0 953.11
191.0 950.85 270.0 952.69 85.0 952.92 158.0 951.47 235.0 953.10
194.0 950.83 88.0 952.92 160.0 951.41 237.0 953.12
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Table 33. (Continued) Listing of horizontal stations and elevations for cross section PR175

[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1995 1996 1996 1997 1997

30 September 23 October 23 October 17 September 17 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
239.0 953.02 99.9 952.83 200.0 951.27 99.9 952.82 211.0 951.86
2410 953.06 103.0 952.85 202.2 951.40 124.0 952.89 212.0 951.86
2430 952.96 106.0 952.88 204.0 951.44 1250 952.93 2140 951.94
245.0 952.82 109.0 952.89 206.0 951.48 128.0 952.95 217.0 952.05
2470 952.81 112.0 952.87 208.0 951.66 1310 95291 220.0 952.14
248.0 952.75 113.5 952.85 211.0 951.70 134.0 952.97 2220 952.13
250.0 952.81 115.0 952.92 214.0 951.81 136.0 952.97 222.8 952.13
251.0 952.84 118.0 952.94 2170 951.87 138.0 953.00 224.0 952.37
252.0 952.90 1210 952.88 2200 95191 141.0 952.98 2253 952.51
253.6 952.93 124.0 952.90 22255 952.02 143.0 952.82 226.0 952.48
254.0 952.70 127.0 952.96 223.7 952.24 144.5 952.99 226.7 952.59
2552 952.62 130.0 952.90 224.7 952.29 147.0 953.01 228.0 952.57
256.5 952.69 133.0 952.95 225.0 952.23 148.0 952.97 229.3 952.63
258.0 952.68 136.0 952.95 226.0 952.26 149.0 952.85 230.1 952.75
259.0 952.47 138.5 953.00 227.5 952.38 149.7 952.50 231.0 952.98
261.0 952.56 140.0 952.98 227.8 952.54 150.3 951.27 233.0 952.99
263.0 952.59 143.0 952.86 229.0 952.53 151.8 950.69 234.0 952.98
265.0 952.66 145.0 952.96 231.0 952.86 1535 950.84 235.5 952.87
267.0 952.73 147.0 953.02 2313 952.95 155.0 950.87 2380 953.15
269.0 952.77 149.0 952.92 233.0 953.02 158.0 950.91 240.0 953.01
269.5 952.87 149.4 952.84 235.0 952.89 161.0 950.87 242.0 952.97
271.0 952.80 150.6 951.81 236.0 953.10 164.0 950.98 245.0 952.92
2720 952.86 152.5 951.69 238.0 953.11 167.0 951.08 248.0 952.74
274.0 952.87 155.0 951.87 240.0 953.04 170.0 951.12 250.0 952.83
2750 95291 157.0 951.70 2420 952.99 173.0 951.01
276.5 952.72 158.4 951.83 243.0 952.91 175.5 950.91
2780 952.80 159.0 951.64 246.0 952.82 178.0 951.01
280.0 952.84 160.0 951.54 248.0 952.75 180.0 951.20
2820 952.95 163.0 951.56 249.0 952.75 181.0 951.17
284.0 953.03 166.0 951.53 250.0 952.84 182.0 951.26
286.0 953.13 167.0 951.49 183.8 951.59
288.0 953.21 167.8 951.41 185.0 951.62
290.0 953.23 170.0 951.02 187.0 951.70
2920 953.22 173.0 950.98 189.0 951.80
295.0 953.22 176.0 951.15 192.0 951.85
300.0 953.15 179.0 951.18 194.0 951.85
305.0 953.24 182.0 951.11 196.0 951.85
3100 953.22 185.0 951.07 198.0 951.83
315.0 953.26 188.0 951.05 200.0 951.85
320.0 953.39 191.0 951.10 203.0 951.85

194.0 951.06 206.0 951.87

197.0 951.07 209.0 951.85
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Table 33. (Continued) Listing of horizontal stations and elevations for cross section PR175
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1998 1998

27 September 27 September
Sta. Elev. Sta. Elev.

1000  952.83 209.0 95179
1030  952.85 210.7 951.74
106.0 952.88 2123 951.87
109.0 952.90 213.1 952.07
1120 95290 2160  952.15
1150 95291 219.0 952.17
1180 95294 222.0 952.22
121.0  952.88 2240 95240
1240  952.89 226.0 952.47
1250  952.93 228.0 952.59
1280 95296 2300 95270
1310 95294 2315 95293
1340 95297 233.0 952.99
1370 95297 235.0 952.95
1400  953.00 236.0 953.14
1430  952.86 2380  953.09
1460 95297 2400  953.05
147.7 952.89 2430 95294
1483 952.69 2460 95285
148.3 951.98 248.5 952.76
1493 951.63 250.0  952.84
151.3 950.70 300.0 953.15
1540  950.86 320.0 953.39
1570  950.90

160.0  951.10

1630  951.07

1660  951.19

169.0 95125

1720  951.21

1750  951.06

178.0 951.16

181.0 95121

1840  951.43

1870 95151

189.0  951.62

1920  951.77

1950  951.85

1980  951.86

2000  951.86

2023 95186

2030 95193

2060  951.87
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Description of Cross Section PR180

Location: Township 6 South/Range 50 East--section 12
U. S. Geological Survey quadrangle (1:24,000): Lonesome Peak
Landowners--left bank: EB Ranch
--right bank: U. S. Government
Access: Left bank
Permission from: Dick Wilson
Distance from Moorhead Gaging Station: 63.10 kilometers
Azimuth of Section (degrees magnetic): 103

Reference Monuments

[Monuments at stations -40.0 and -62.0 were closest to leveling instrument; brass circular plate benchmark was lost to the river after

1996]
GPS-NADS3 (1992) Measurement
Elevation
Standard Horizontal
Station deviation precision (NGVD1929)
Description (m) Latitude Longitude (m) (m) (m)
1/2-inch-rebar; 0.18 meter above 1998 ground 62,0  45°19°51.46” 105°3238.16”  0.615 0.711 950.15
level and about 2-3 meters upstream from
a cottonwood tree
1/2-inch-rebar; bent, 0.14 meter above 1998 -40.0 049.99
ground level ‘
1/2-inch-rebar; 0.12 meter above 1998 ground 73.0 45°19°49.49” 105°32'32.617  0.241 0.559 949.13
level
1/2-inch-rebar; at 1978 ground level; could 102.0 048.91
not find pin in 1998
1/2-inch-rebar; 0.03 meter above 1998 ground 1034 948.96
level; 0.40 meter upstream from section
1/2-inch-rebar; 0.22 meter above 1998 ground  111.3  45°19'48.94”  105°32°31.04”  0.339 0.508 949.77
level
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60° angle
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Figure 92. Upper: Location of cross section PR180 and the left and right bank reference monu-
ments in the Lonesome Peak quadrangle. Bench mark PR180 was lost to the river in 1996.
Lower: Location of the reference monuments on the left bank. MN is magnetic north.
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Figure 93. Profiles of cross section PR180 from 1988 to 1992.
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Figure 94. Profiles of cross section PR180 from 1992 to 1996.
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Figure 95. Profiles of cross section PR180 from 1996 to 1998.
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4

Table 34. Listing of horizontal stations and elevations for cross section PR180
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1989 1989 1989 1990 1990

23 September 23 September 23 September 22 September 22 September

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-30.0 949.76 24.0 947.42 94.0 948.94 -30.0 949.77 26.0 947.39
-28.0 949.80 26.0 947.40 96.0 949.01 -28.0 949.82 26.5 947.46
-27.0 949.76 28.0 947.55 98.0 949.00 -26.0 949.71 28.0 947.59
-25.0 949.69 29.0 947.69 100.0 948.99 -24.0 949.67 29.0 947.69
-23.0 949.66 31.0 947.68 103.5 948.91 220 949.66 30.2 947.79
-21.0 949.69 33.0 947.62 1113 949.55 -20.0 949.74 30.6 947.75
-19.0 949.64 35.0 947.61 -19.0 949.65 31.6 947.82
-17.0 949.69 36.0 947.61 -17.0 949.72 32.0 947.73
-15.0 949.77 36.4 947.47 -15.0 949.78 325 947.73
-14.3 949.74 38.0 947.32 -14.3 949.75 329 947.77
-13.0 949.98 40.0 947.27 -13.6 949.88 34.0 947.82
-12.2 949.86 42.0 947.21 -134 948.36 34.7 947.90
-12.1 948.23 429 947.24 -13.2 948.11 35.7 947.63
-11.0 947.71 443 947.55 -12.1 947.62 36.0 947.63
-103 947.59 46.0 947.62 -11.9 947.78 363 947.71
-9.1 947.16 48.0 947.80 -11.6 947.50 36.7 947.63
-85 946.96 50.0 947.88 -11.0 947.43 38.0 947.58
-15 946.84 51.9 947.95 -10.8 946.86 39.6 947.43
-6.0 946.71 52.4 948.13 -94 946.33 41.0 94749
-4.0 946.58 54.0 948.22 -85 946.39 43.0 947.56
2.0 946.61 55.0 948.11 -6.0 946.40 45.0 947.71
0.0 946.64 57.0 948.13 -4.0 946.47 47.0 947.83
2.0 946.63 59.0 948.11 -2.0 946.53 49.0 947.94
4.0 946.63 61.0 948.17 0.0 946.58 505 947.99
6.0 946.63 63.0 948.16 2.0 946.60 51.6 947.98
8.0 946.61 65.0 947.99 4.0 946.69 52.0 948.05
9.0 946.66 67.0 948.02 6.0 946.69 526 948.20
11.0 946.44 68.0 948.12 7.0 946.50 54.0 948.22
13.0 946.36 68.7 948.20 9.0 946.48 56.0 948.16
13.7 946.35 70.0 948.67 11.0 946.66 58.0 948.14
15.7 946.85 72.0 948.93 13.0 946.71 60.0 948.20
15.8 946.90 74.0 949.01 14.0 946.74 62.0 948.18
16.5 947.01 76.0 948.97 14.3 946.66 63.0 948.18
17.0 947.00 78.0 949.11 16.0 946.85 64.0 948.09
18.0 947.10 80.0 949.37 16.8 946.95 65.0 948.01
19.1 947.16 82.0 949.34 18.0 947.01 66.0 948.03
194 94723 84.0 949.38 19.8 947.10 67.4 948.06
19.6 947.36 86.0 949.34 20.6 947.22 69.0 948.39
20.0 947.38 88.0 949.35 220 947.25 69.3 948.44
20.5 947.25 90.0 949.25 226 947.38 70.0 948.67
223 947.20 91.0 949.10 23.0 947.40 71.0 948.82
22.7 947.31 93.0 949.09 24.6 947.34 72.1 948.99
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Table 34. (Continued) Listing of horizontal stations and elevations for cross section PR180
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1990 1991 1991 : 1991 1992

22 September 1 September 1 September 1 September 28 August

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
74.0 949.00 -60.0 949.93 13.2 947.23 69.3 948.43 -30.0 949.78
76.0 948.97 -58.0 949.96 13.9 947.28 70.4 948.74 -28.0 949.81
77.0 949.01 -56.0 949.95 15.3 947.28 72.0 948.99 -26.0 949.70
79.0 949.26 -54.0 949.92 16.8 947.44 74.0 949.00 -25.0 949.70
80.0 949.37 -52.0 949.88 18.0 947.26 76.0 948.98 -24.0 949.68
82.0 949.35 -50.0 949.86 18.8 947.30 78.0 949.13 -23.4 949.68
84.0 949.38 -48.0 949.89 20.0 947.23 80.0 949.37 -229 949.76
86.0 949.35 -46.0 949.87 220 947.31 82.0 949.31 -22.9 947.82
88.0 949.32 -44.0 949.85 240 947.35 84.0 949.37 =225 947.51
90.0 949.24 -42.0 949.83 24.9 947.65 86.0 949.35 -21.5 947.17
91.0 949.09 -40.0 949.86 26.0 947.73 88.0 949.34 -20.5 947.00
93.0 949.09 -38.0 949.82 275 947.73 90.0 949.26 -19.0 946.70
94.0 948.94 -36.0 949.82 285 947.62 91.0 949.11 -17.0 946.53
96.0 949.00 -33.0 949.74 29.6 947.73 93.0 949.09 -16.0 946.42
98.0 949.01 -30.0 949.77 31.0 947.70 94.0 948.95 -15.0 946.39
-28.0 949.82 32.6 947.67 96.0 949.01 -14.0 946.50
-26.0 949.71 329 947.73 98.0 949.00 -12.0 946.60
-24.0 949.67 33.0 947.85 100.0 948.99 -10.0 946.64
-23.0 949.65 34.0 947.89 102.0 948.92 -8.0 946.78
-22.2 949.61 352 947.65 104.0 948.95 -6.0 946.72
-22.4 947.78 36.0 947.63 106.0 949.07 -4.0 946.79
=222 947.74 375 947.64 108.0 949.34 2.0 946.79
-21.5 947.39 384 947.80 1113 949.55 0.0 946.75
-20.0 947.01 395 947.85 2.0 946.70
-18.2 946.65 40.8 947.75 4.0 946.76
-16.4 946.37 42.0 947.77 5.7 946.85
-15.4 946.40 433 947.78 6.0 946.99
-14.8 946.44 44.1 947.93 6.2 947.06
-14.3 946.60 45.0 947.87 8.0 947.13
-12.0 946.52 46.5 947.87 8.8 947.31
-10.0 946.52 48.0 948.08 10.0 947.35
-8.0 946.51 50.0 948.12 10.6 947.42
-6.0 946.53 52.0 948.08 12.0 947.43
-4.0 946.58 527 948.22 13.5 947.44
2.2 946.65. 54.0 948.21 15.0 947.42
0.0 946.75 56.0 948.16 16.0 947.42
20 946.75 58.0 948.15 17.5 947.32
40 946.78 60.0 948.21 19.0 947.36
6.0 946.89 62.0 948.19 21.0 947.27
8.0 946.96 64.0 948.09 229 947.18
10.0 946.97 66.0 948.04 23.1 947.23
11.5 946.93 67.4 948.07 24.7 947.77
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Table 34. (Continued) Listing of horizontal stations and elevations for cross section PR180
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1992 1992 1993 1993 1993

28 August 28 August 31 August 31 August 31 August
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
26.0 947.80 84.6 949.45 -40.0 949.87 19.0 947.52 75.0 948.96
28.0 947.77 85.0 949.39 -38.0 949.82 21.0 947.58 77.0 949.00
29.0 947.71 87.0 949.35 -36.0 949 .82 223 947.55 79.0 949.27
29.6 947.83 89.0 949.33 -34.0 949.74 240 947.60 81.0 949.38
30.0 947.72 91.0 949.10 -32.0 949.75 26.5 947.77
31.0 947.73 93.0 949.09 -31.0 949.75 27.0 947.72
317 947.84 94.0 948.94 -30.0 949.77 29.0 947.71
320 947.717 96.0 949.00 -29.0 949.80 31.0 947.78
32.7 947.82 98.0 949.00 -27.4 949.77 31.6 947.84
334 947.96 ., 100.0 948.98 -273 948.40 32.6 947.82
342 947.96 102.0 948.92 -27.0 947.86 333 947.76
35.0 947.91 104.0 948.95 -26.4 947.54 339 947.80
36.2 947.72 106.0 949.09 -26.2 947.50 34.8 948.11
375 947.75 108.0 949.34 255 947.10 369 947.62
38.0 947.88 1113 949.56 252 947.07 375 947.65
40.0 947.92 =235 946.38 38.0 947.85
41.0 947.86 -215 946.22 39.0 948.00
42.0 947.84 -20.0 946.47 39.8 947.97
440 947.95 -18.0 946.20 41.0 948.06
46.4 947.89 -16.0 946.50 423 948.18
48.0 948.12 -14.0 946.57 43.5 948.10
50.0 948.12 -12.0 946.78 45.0 948.07
51.6 948.07 -10.0 946.83 46.0 948.07
527 948.21 -8.0 946.87 47.0 948.10
54.0 948.22 -6.0 946.89 48.0 948.32
56.0 948.17 -4.0 946.92 48.6 948.51
58.0 948.16 -20 946.89 50.0 948.50 -
60.0 948.21 0.0 946.92 52.0 948.32
62.0 948.20 2.0 946.93 53.0 948.45
64.0 948.19 40 946.91 550 948.34
66.0 948.05 6.0 946.90 57.0 948.33
674 948.07 7.0 946.82 59.0 948.31
69.0 948.39 75 947.07 61.0 948.30
71.0 948.82 82 947.19 63.0 948.29
72.0 949.00 8.7 947.32 65.0 948.14
74.0 949.01 10.0 947.42 67.0 948.14
76.0 948.97 12.0 947.49 68.0 948.20
770 949 .01 14.0 947.49 69.0 948.40
79.0 949.28 16.0 947.50 70.0 948.65
80.0 949.36 169 947.50 71.0 948.82
82.0 949.33 17.1 947.60 72.0 948.95
84.0 949.38 185 947.61 73.0 949.02
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Table 34. (Continued) Listing of horizontal stations and elevations for cross section PR180
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1994 1994 1995 1995 1996

18 September 18 September 30 September 30 September 22 October

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-40.0 . 949.89 36.5 947.76 -62.0 950.00 17.0 947.71 -62.0 949.99
-37.0 949.81 374 947.79 -60.0 949.95 19.0 947.78 -59.0 949.95
-340 949.74 38.0 947.93 -58.0 949.96 20.5 947.87 -56.5 949.99
-32.0 949.75 39.0 948.12 -55.0 949.95 22.0 947.88 -54.0 949.97
-30.0 949.78 40.0 948.10 -53.0 949.89 236 94794 -51.0 949.87
-27.8 949.79 42.0 948.15 -51.0 949.86 250 948.08 -46.5 949.84
-27.7 948.24 44.0 948.15 -48.0 949.91 27.0 948.02 -44.0 949.83
273 948.05 46.0 948.13 -46.0 949.86 29.0 948.04 -42.0 949.85
-272 948.02 46.8 948.12 -44.0 949.84 31.0 948.11 -40.0 949.86
-26.6 947.77 49.0 948.54 -42.0 949.85 323 948.22 -37.0 949.82
-25.5 947.08 51.0 948.42 -40.0 949.87 330 948.20 -35.0 949.76
-24.5 946.71 53.0 948.48 -38.0 949.82 34.6 948.41 -34.9 948.02
-22.7 946.29 55.0 948.40 -36.0 949.83 35.0 948.40 -34.0 947.43
-21.7 946.24 57.0 948.33 -340 949.74 36.0 948.06 -33.8 947.06
-20.0 946.42 60.0 948.33 -32.1 949.74 38.0 948.00 -33.0 946.86
-19.0 946.52 62.0 948.31 -314 947.72 39.0 948.20 -31.0 947.03
-17.0 946.42 64.0 948.21 -304 947.15 40.0 948.26 -29.0 947.08
-15.0 946.41 66.0 948.13 -29.0 946.67 40.6 948.41 -26.0 947.07
-14.0 946.48 67.3 948.14 -27.0 946.48 41.0 948.33 -24.2 946.93
-11.7 946.60 69.0 948.44 -25.0 946.55 422 948 .40 =215 946.53
-11.0 946.67 70.5 948.76 -23.0 946.82 43.5 948.48 -19.0 946.47
-8.5 946.70 72.0 948.96 -21.0 946.91 453 948.66 -16.0 946.59
-5.5 946.73 73.0 949.02 -19.0 947.03 475 948.55 -13.0 946.66
-4.4 946.69 76.0 948.96 -17.0 947.04 49.5 948.82 -10.0 946.71
-2.5 946.72 -15.0 946.95 51.0 948.66 -7.0 946.75
-1.8 946.75 -13.0 946.69 51.7 948.78 -4.0 946.76
0.0 946.84 -11.0 946.60 53.0 948.71 -1.0 946.80
30 946.88 -9.0 946.65 54.5 948.79 1.0 946.73
5.6 946.92 -7.0 946.66 56.0 948.59 25 946.76
8.0 947.18 -5.0 946.68 58.0 948.55 55 947.48
11.0 947.33 -3.0 946.65 60.0 948.53 7.0 947.26
14.0 947.36 -1.0 946.69 62.0 948.51 9.0 947.42
17.0 947.47 1.0 946.78 64.0 948.43 11.0 947.50
20.0 947.55 3.0 946.85 66.0 948.37 13.0 947.55
23.0 947.66 5.0 946.98 67.5 948.39 15.0 947.64
26.0 947.77 5.8 947.02 68.5 948.48 17.0 947.72
28.0 947.76 6.4 947.17 70.0 948.68 19.0 947.74
30.5 947.81 7.0 947.30 71.0 948.82 21.0 947.80
320 947.85 9.0 947.45 72.0 948.96 23.0 947.88
33.0 947.82 11.0 947.58 73.0 949.02 25.0 947.95
338 947.83 13.0 947.61 27.0 947.99
34.6 948.13 15.0 947.67 29.0 948.03
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Table 34. (Continued) Listing of horizontal stations and elevations for cross section PR180
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1996 1997 1997 1998 1998
22 October 22 September 22 September 24 September 24 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.

31.0 948.08 -62.0 949.97 40.0 948.30 -70.0 949.86 10.0 947.56
323 948.18 -40.0 949.86 420 948.47 -68.0 949.87 125 947.58
33.0 948.14 -39.0 949.89 433 948.47 -66.0 949.91 15.0 947.65
35.0 948.44 -38.0 949.82 45.0 948.65 -64.0 949.90 18.0 947.81
36.3 948.14 -38.0 949.05 47.5 948.55 -62.0 949.98 21.0 947.85
37.0 948.08 -37.8 948.98 49.0 948.67 -59.0 950.01 24.0 947.96
38.0 948.08 -37.6 948.49 50.0 948.85 -57.0 949.98 27.0 948.03
40.0 948.03 -37.0 948.28 51.0 948.69 -55.0 949.95 300 . 948.07
42.0 948.47 -36.4 947.75 53.0 948.73 -53.0 949.90 33.0 948.18
433 948.49 -36.3 947.18 56.0 948.66 -51.0 949.86 35.0 948.45
45.0 948.66 -35.8 947.04 58.0 948.55 -49.0 94991 375 948.21
46.5 948.66 -33.6 946.42 61.0 948.56 -47.0 949.87 40.0 948.34
474 948.56 -31.0 946.64 64.0 948.45 -43.6 949.84 43.0 948.49
49.5 948.88 -28.0 946.65 66.0 948.38 -41.0 949.88 45.0 948.68
50.8 948.68 -25.0 946.64 68.0 948.44 -40.0 949.87 48.0 948.65
51.7 948.81 -22.0 946.75 70.0 948.68 -38.2 949.80 50.0 948.86
524 948.70 -19.0 946.73 72.0 948.94 -38.1 947.71 51.0 948.67
54.0 948.78 -16.0 946.76 73.0 949.02 -373 947.45 54.0 948.77
56.0 948.62 -13.0 946.75 -36.8 947.24 57.0 948.63
58.0 948.56 -10.0 946.76 -35.0 946.67 60.0 948.57
60.0 948.55 -7.0 946.79 -33.0 946.34 63.0 948.50
63.0 948.50 -4.0 946.88 -320 946.21 66.0 948.39
65.0 948.40 -1.0 946.88 -30.0 946.35 69.0 948.53
67.0 948.40 23 946.81 -28.0 946.44 71.0 948.85
68.3 948.46 3.6 947.04 -26.0 946.60 73.0 949.02
70.0 948.69 4.1 947.26 -24.0 946.67 1034 948.93
72.0 948.96 6.0 947.22 -22.0 946.67 111.3 949.55

73.0 949.02 8.0 947.39 -20.0 946.77

1034 948.94 11.0 947.52 -18.0 946.88

1113 949.55 14.0 947.61 -16.0 946.86

17.0 947.67 -14.0 946.88

20.0 947.77 -12.0 946.83

230 947.90 -10.0 946.75

26.0 948.00 -8.0 946.85

29.0 948.06 -6.0 946.84

31.0 948.07 -4.0 946.91

33.0 948.17 20 946.82

342 948.34 0.0 946.94

353 948.46 1.5 947.22

363 948.23 25 947.22

37.8 948.19 5.0 947.27

39.0 948.26 715 947.38
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Description of Cross Section PR183

Location: Township 6 South/Range 50 East--section 1
U. S. Geological Survey quadrangle (1:24,000): Lonesome Peak

Landowners--left bank: EB Ranch
--right bank: EB Ranch
Access: Left bank

Permission from: Dick Wilson

Distance from Moorhead Gaging Station: 67.85 kilometers

Azimuth of Section (degrees magnetic): 059

Reference Monuments

[Monuments at stations 100.0 and 101.1 were closest to leveling instrument]

GPS-NADS83 (1992) Measurement
Eievation
Standard Horizontal
Station deviation precision (NGVD1929)
Description (m) Latitude Longitude (m) (m) {m)
1/2-inch-rebar; 0.17 meter above 1998 ground .69  45°20°32.09” 105°32°16.66” 0.311 0.685 945.95
level
1/2-inch-rebar; 0.05 meter above 1998 ground 0.0 945.67
level
1/2-inch-rebar; at 1998 ground level 100.0 945.68
1/2-inch-rebar; 0.10 meter above 1998 ground  101.1  45%20°33.12 105°32°11.92 0.688 0.602 945.86
level
Benchmark--brass circular plate; slightly off  -127.9  45%00°33.33”  105°32°10.76”  0.531 0.504 945.89
section
[
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Figure 96. Upper: Location of cross section PR183, bench mark BM-PR183, and the left and
right bank reference monuments in the Lonesome Peak quadrangle. Lower: Location of
the reference monuments on the left bank. MN is magnetic north.
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Figure 97. Profiles of cross section PR183 from 1988 to 1992.
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ELEVATION, IN METERS ABOVE SEA LEVEL
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Figure 98. Profiles of cross section PR183 from 1992 to 1996.
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ELEVATION, IN METERS ABOVE SEA LEVEL
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Figure 99. Profiles of cross section PR183 from 1996 to 1998.
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Table 35. Listing of horizontal stations and elevations for cross section PR183
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1989 1989 1990 1990 1991

23 September 23 September 22 September 22 September 2 September

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-7.0 945.79 57.0 942.96 -10.0 945.66 479 943.92 0.0 945.61
-5.0 945.66 58.0 942.82 -8.0 945.84 485 943.71 3.0 945.63
-3.0 945.75 60.0 942.98 -7.0 945.77 49.5 943.35 6.0 945.63
-1.0 945.68 62.0 943.02 -5.0 945.65 50.0° 94327 9.0 945.45
0.0 945.61 64.0 943.11 -3.0 945.73 51.0 943.21 12.0 945.50
20 945.62 66.0 943.17 -1.0 945.67 53.0 943.17 12.7 945.45
4.0 945.63 67.0 943.18 0.0 945.61 55.0 942.92 13.4 945.63
6.0 945.62 68.0 943.04 1.0 945.61 57.0 942.91 154 945.25
8.0 945.50 70.0 943.19 3.0 945.64 59.0 942.85 16.5 945.38
10.0 945.47 72.0 94322 5.0 945.65 61.0 942.83 18.0 945.19
12.6 945.46 74.0 943.23 7.0 945.58 63.0 943.00 19.6 944.85
133 945.68 76.0 943.25 9.0 945.45 65.0 943.09 21.0 944.87
14.0 945.51 770 943.26 11.0 945.47 66.0 942.84 23.0 945.08
15.6 945.22 79.0 943.22 12.0 945.50 66.7 942.83 25.0 945.10
16.5 945.39 81.0 943.24 12.8 945.47 67.2 943.11 26.3 945.06
17.6 945.28 83.0 943.23 134 945.63 69.0 943.18 28.0 944.80
195 944.89 84.0 943.27 14.0 945.50 71.0 943.15 28.6 944.69
20.6 944.82 85.0 943.26 15.5 945.24 73.0 943.13 30.5 944.23
21.6 944.93 87.0 943.26 16.4 945.39 75.0 943.20 320 944.22
23.0 945.07 89.0 943.23 18.0 945.20 77.0 943.22 34.0 944.25
250 945.10 89.6 943.32 19.6 944.84 79.0 943.19 36.0 944.28
26.0 945.10 91.0 943.74 20.6 944.82 81.0 943.13 38.0 944.34
26.8 945.00 91.9 944.21 22.0 945.01 83.0 943.08 40.0 944.36
277 944.79 92.0 944.64 24.0 945.10 85.0 942.99 42.0 944.46
28.7 944.72 93.0 945.16 26.0 945.10 87.0 942.94 426 944.43
30.0 944.31 93.5 945.44 26.8 944.97 88.2 942.92 433 94427
306 944.18 94.6 945.49 28.5 944.75 89.3 943.29 45.6 944.00
315 944.17 96.0 945.43 30.0 944.27 90.7 943.64 47.0 944.07
33.0 944.20 97.8 945.55 304 94422 91.9 944.27 476 943.92
35.0 94424 98.6 945.75 320 944.21 92.0 945.05 483 943.42
37.0 944.30 100.0 945.68 34.0 944.24 92.8 945.14 50.0 943.26
39.0 944.33 101.0 945.76 36.0 944.28 933 945.41 52.0 943.24
41.0 944 .40 38.0 944.34 94.0 945.48 535 943.11
426 944.43 400 944.36 96.0 945.43 56.0 942.91
43.1 944.33 42.0 944 .45 96.7 945.41 574 943.01
444 943.67 42.6 944 43 97.7 945.56 60.0 943.02
452 943.56 43.0 944.33 99.0 945.78 62.0 943.03
470 943.50 44.0 943.95 100.0 945.69 64.0 942.98
50.0 943.33 44.4 943.91 101.1 945.77 65.6 943.04
52.0 94325 450 94385 66.4 943.21
53.0 943.20 46.0 943.85 68.0 943.19
55.0 942.99 470 943.93 70.0 943.03
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Table 35. (Continued) Listing of horizontal stations and elevations for cross section PR183
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1991 1992 1992 1993 1993
2 September 28 August 28 August 31 August 31 August
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.

71.7 943.00 -10.0 945.67 53.4 943.11 -7.0 945.78 51.0 943.24
72.0 943.17 -8.0 945.85 55.0 942.90 -6.0 945.67 53.0 943.09
74.0 943.17 -7.0 945.77 57.0 942.85 -4.0 945.67 55.0 942.92
71.0 943.18 -5.0 945.66 59.0 942.78 -2.0 945.73 57.0 942.91
80.0 943.16 -3.0 945.73 60.4 942.71 0.0 945.62 59.0 942.85
83.0 943.12 -1.0 945.68 62.0 942.90 1.0 945.61 61.0 942.81
85.0 943.02 0.0 945.61 64.0 943.08 3.0 945.64 63.0 942.77
87.0 942.94 1.0 945.62 65.0 943.18 5.0 945.64 65.0 942.84
88.5 942.97 3.0 945.64 66.0 943.15 7.0 945.59 67.0 942.91
88.9 943.13 5.0 945.64 68.0 943.24 9.0 945.46 69.0 942.83
91.0 943.75 7.0 945.58 70.0 943.15 11.0 945.49 71.0 942.92
91.8 94428 9.0 945.47 70.7 943.15 12.5 945.48 73.0 942.98
92.8 945.09 11.0 945.47 71.0 943.25 13.6 945.68 75.0 943.01
93.4 945.43 12.7 945.47 73.0 943.29 14.0 945.52 77.0 943.07
95.0 945.48 133 945.62 75.0 943.25 15.6 945.23 79.0 943.20
1 96.6 945.41 14.0 945.47 71.0 943.16 16.7 945.39 81.0 943.29
97.6 945.54 15.6 945.24 79.0 943.12 18.0 945.21 83.0 943.30
98.0 945.70 16.5 945.37 81.0 943.11 20.0 944.85 85.0 943.23
99.0 945.76 18.0 945.18 83.0 943.12 21.0 944.87 87.0 943.23
100.0 945.69 203 944.82 85.0 943.11 220 945.01 89.0 943.21
101.1 945.76 220 945.00 87.0 943.12 24.0 945.09 90.0 943.23
240 945.10 88.8 943.11 26.0 945.11 90.6 943.26
26.0 945.11 89.7 943.34 28.0 944.33 91.0 943.79
28.0 944.79 90.5 943.59 29.0 944.73 92.0 944.26
300 944.35 21.0 943.78 30.0 944.41 92.5 944.73
30.8 944.22 91.8 944.22 30.5 944 .34 934 945.44
320 944.22 92.0 944.71 31.0 94433 945 945.50
34.0 944.25 93.0 945.22 33.0 944.33 96.5 945.41
36.0 944.29 93.5 945.43 35.0 944.36 98.0 945.70
38.0 944.34 95.0 945.49 37.0 944.41 100.0 945.69
40.0 944.37 96.6 945.41 39.0 944.45 101.1 945.76

42.0 944.45 98.1 945.69 40.0 944.46

427 944.42 100.0 945.69 41.0 94453

44.0 944.19 101.1 945.76 420 94458

45.0 944.09 430 944.51

46.0 944.08 44.0 944.35

47.0 944.10 450 944.35

48.0 943.81 46.3 944.37

48.6 943.48 46.9 94441

490 943.34 48.1 943.53

50.0 943.22 484 943.39

52.0 943.23 495 943.29
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Table 35. (Continued) Listing of horizontal stations and elevations for cross section PR183
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1994 1994 1995 1995 1996

18 September 18 September 29 September 29 September 22 October

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-7.0 945.75 75.0 942.98 -7.0 945.77 48.0 943.42 -10.0 945.69
-4.0 945.67 77.0 94297 -5.0 945.67 49.0 94330 -8.5 945.83
-1.0 945.68 779 943.16 -2.0 945.74 510 943.20 -7.0 945.79
0.0 945.62 78.0 943.28 0.0 945.64 53.0 943.09 -4.5 945.66
1.0 945.62 80.0 943.31 2.0 945.62 55.0 942.94 2.5 945.74
3.0 945.64 82.0 943.29 40 945.63 57.0 942.88 0.0 945.63
6.0 945.63 84.0 943.30 6.0 945.63 59.0 942.90 3.0 945.63
9.0 945.47 86.0 943.31 8.0 945.54 61.0 942.95 6.0 945.62
12.0 945.32 88.0 943.29 10.0 945.46 63.0 943.08 8.0 945.55
12.7 94548 90.5 943.24 12.0 945.54 65.0 943.16 10.0 945.46
13.5 945.82 91.0 943.48 12.6 945.46 67.0 943.13 12.6 945.48
14.5 945.46 91.8 944.11 13.5 945.70 68.0 943.16 13.3 945.70
16.0 945.26 93.0 94522 14.1 945.49 69.0 943.35 14.2 945.50
17.0 94538 96.0 945.46 15.5 94523 71.0 943.31 15.9 945.27
20.0 944.86 97.3 945.47 16.5 945.39 73.0 943.21 16.7 945.38
220 945.00 99.0 945.76 18.0 945.21 75.0 943.16 19.0 945.01
240 945.09 100.0 945.69 19.0 945.01 77.0 943.10 20.5 944.85
26.0 945.11 101.1 945.76 20.0 944.87 79.0 943.09 23.0 945.10
28.0 944.83 21.0 944.89 81.0 943.06 24.0 945.10
295 944.72 220 945.00 83.0 943.05 26.0 945.11
30.8 944.30 23.0 945.09 85.0 942.98 28.0 944.85
320 944.32 25.0 945.10 87.0 942.95 30.0 944.57
34.0 944.33 264 945.08 89.0 942.79 31.0 944 .49
36.0 94438 28.0 944.85 89.7 942.66 33.0 944.49
38.0 944.43 30.0 944.58 91.0 943.27 35.0 944.54
40.0 944 .47 31.0 944 .48 91.5 94327 37.0 944.72
420 944.59 32.0 944 .49 91.7 943.43 39.0 944.87
44.0 944.38 33.0 944.50 91.9 943.71 40.0 944.94
45.7 944.35 34.0 944.53 92.6 943.96 41.0 944.92
46.6 944 41 35.0 944.55 930 945.13 423 944.93
485 943.47 36.0 944.60 93.6 945.45 44.0 944.65
49.6 943.23 37.0 944.72 95.0 945.49 45.3 944.63
535 943.15 38.0 944.82 96.6 945.42 47.6 943.85
56.0 942.94 39.0 944.91 98.1 945.68 479 943.52
58.0 942.93 40.0 94495 99.0 945.76 48.1 943.38
60.0 942.88 415 944.92 100.0 945.69 50.0 943.25
62.0 942.87 424 944.93 101.1 945.76 53.0 943.09
64.0 942 .95 43.0 944.75 56.0 942.93
64.6 943.07 44.0 944.63 585 942.90
67.0 943.08 45.0 944.61 59.6 943.04
70.0 943.07 46.0 944.59 60.3 943.28
73.0 943.02 47.8 943.76 63.0 943.19
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Table 35. (Continued) Listing of horizontal stations and elevations for cross section PR183
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1996 1997 1997 1998 1998
22 October 22 September 22 September 23 September 23 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
66.0 943.18 -1.0 945.71 72.0 943.10 -1.0 945.79 64.0 943.26
69.0 943.19 -5.0 945.66 75.0 943.09 -6.0 945.67 66.0 942.94
72.0 943.12 2.5 945.73 78.0 943.05 -4.0 945.69 68.0 942.74
75.0 942.99 0.0 945.63 81.0 943.00 2.0 945.75 70.0 942.79
78.0 942.90 25 945.63 83.0 942.87 0.0 945.63 72.0 942.75
81.0 942.83 5.0 945.65 86.0 942.72 2.0 945.61 74.0 942.86
84.0 943.03 7.0 945.59 88.5 942.82 4.0 945.62 76.0 942.89
86.6 943.10 10.0 945.45 894 943.32 6.0 945.62 78.0 942.88
81.7 943.37 12.5 945.49 90.0 943.44 8.0 945.54 80.0 942.91
88.1 943.50 13.0 945.67 91.0 943.52 100 945.44 82.0 942.91
90.0 943.52 143 945.45 922 943.63 12.7 945.48 84.0 942.83
92.0 943.58 15.5 945.23 93.0 944.09 134 945.77 86.0 942.65
92.9 943.88 16.7 945.40 93.0 945.19 14.5 945.45 88.0 942.60
93.0 945.18 19.4 944.95 93.4 945.38 16.0 945.26 89.0 942.73
93.5 945.43 20.5 944.87 95.0 945.48 16.7 945.40 90.4 943.40
95.0 945.48 23.0 945.12 96.5 945.44 19.0 945.05 91.0 943.66
96.7 94543 25.0 945.11 97.8 945.55 20.0 944.88 922 943.72
98.1 945.68 26.5 945.05 99.0 945.75 220 944.98 93.1 944.21
100.0 945.69 28.0 944.88 100.0 945.69 23.0 945.09 93.4 945.34
101.0 945.78 30.0 944.57 101.0 945.76 25.0 945.11 95.0 945.49
32.0 944.48 27.0 945.00 96.7 945.42
34.0 944.52 29.0 944.82 97.7 945.54
36.0 944.61 30.3 944.51 99.0 945.75
38.0 944.79 320 944.48 100.0 945.69
40.0 944.94 340 94451 101.1 945.76
42.0 944.92 36.0 944.61
43.7 944.69 380 944.80
45.0 944.62 40.0 944.92
45.8 944.48 42.0 944.94
46.4 944.18 40 944.95
47.1 944.06 44.6 944.60
47.5 943.79 45.4 944.62
47.6 943.42 47.0 944.00
48.2 943.32 478 943.55
50.0 943.25 48.3 943.41
520 943.23 49.7 943.26
55.0 943.24 52.0 943.19
58.0 943.24 54.0 943.17
60.0 943.02 56.0 943.20
63.0 943.03 ’ 58.0 943.17
66.0 943.07 60.0 943.20
69.0 943.09 62.0 943.23
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Description of Cross Section PR191

Location: Township 5 South/Range 50 East--section 25
U. S. Geological Survey quadrangle (1:24,000): Eldon Mountain
Landowners--left bank: Doug and Lucille Randall
--right bank: Doug and Lucille Randall
Access: Left bank
Permission from: Doug, Lucille, or Craig Randall
Distance from Moerhead Gaging Station: 76.53 kilometers
Azimuth of Section (degrees magnetic): 177

Reference Monuments

{Monuments at stations -0.4 and 0.0 were closest to leveling instrument]

GPS-NADS83 (1992) Measurement
Elevation
Standard Horizontal
Station deviation precision (NGVD1929)
Description (m) Latitude Longitude (m) (m) (m)
Benchmark--brass circular plate; offsection —  45%22'18.87" 105°29'27.95”  0.166 0.521 938.00
under a fenceline
172-inch-rebar; 0.18 meter above 1998 ground .04 45°22°18.53” 105°29°28.83”  0.273 0.395 937.99
level .
1/2-inch-rebar; at 1998 ground level 0.0 937.70
1/2-inch-rebar; could not find in 1998, about 130,90 936.09
0.3 meter below 1998 ground level
1/2-inch-rebar; could not find in 1998; 0.27 150.3 936.63
meter above 1977 ground level and possi-
ble bent and buried in 1978; may be
slightly offsection when PR191 was re-
established in 1978; elevation was mea-
sured in 1977
1/2-inch-rebar; 0.21 meter above 1998 ground 151 6 937.08
level
1/2-inch-rebar; 0.16 meter above 1998 ground 1860  45°22'12.61”  105°27°56.40"  0.174 0.450 936.93
level
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Figure 101. Profiles of cross section PR191 from 1988 to 1992.
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Figure 102. Profiles of cross section PR191 from 1992 to 1996.
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Table 36. Listing of horizontal stations and elevations for cross section PR191
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1989 1989 1990 1990 1990
21 September 21 September 23 September 23 September 23 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-04 937.83 67.0 935.08 -0.4 937.83 70.0 934.46 138.0 936.83
0.0 937.70 67.9 935.06 0.0 937.70 72.0 934.54 140.0 936.81
1.0 937.67 69.0 934.96 1.0 937.66 74.0 934.61 142.0 936.82
2.0 937.58 70.0 93491 3.0 937.57 76.0 934.62 1440 936.94
4.0 937.53 71.0 934.82 55 937.55 78.0 934.67 146.0 936.88
5.0 937.50 73.0 934.71 7.0 937.19 80.0 934.74 1480 . 936.87
6.0 937.45 74.0 934.69 8.0 937.15 82.0 934.75 150.0 - 936.84
7.0 937.19 74.7 934.95 9.0 936.85 84.0 934.73 151.6  936.85
8.0 937.13 76.0 934.96 10.2 936.31 86.0 934.72
9.0 936.73 78.0 934.97 12.0 936.12 88.0 934.71
10.3 936.28 80.0 934.97 14.0 936.04 90.0 934.73
12.0 936.09 82.0 934.96 16.0 936.04 92.0 934.69
14.0 936.00 84.0 934.94 18.0 936.03 94.0 934.63
16.0 936.03 86.0 934.90 20.0 936.04 96.0 934.56
18.0 936.02 88.0 934.90 220 935.94 98.0 934.63
20.0 936.02 90.0 934.87 24.0 935.96 99.0 934.67
220 935.91 91.0 934.85 26.0 936.08 99.5 934.92
24.0 935.95 93.0 934.71 28.0 936.06 99.7 935.51
26.0 936.06 95.0 934.61 30.0 936.08 100.3 936.24
28.0 936.04 97.0 934.54 32.0 936.03 101.0 936.29
30.0 936.07 98.0 934.62 34.0 935.93 102.0 936.23
320 936.02 99.2 935.08 36.0 935.95 104.0 . 936.19
33.0 935.92 99.5 935.57 38.0 936.00 106.0 936.15
35.0 935.88 100.6 936.26 40.0 936.05 108.0 936.24
37.0 935.96 102.0 936.22 42.0 936.06 110.0 936.25
39.0 936.00 104.0 936.17 44.0 936.06 112.0 936.22
41.0 936.05 106.0 936.15 46.0 936.05 114.0 936.17
43.0 936.05 108.0 936.24 48.0 936.05 116.0 936.17
45.0 936.04 110.0 936.25 50.0 936.08 118.0 936.22
47.0 936.04 112.0 936.22 52.0 936.10 120.0 936.16
49.0 936.05 114.0 936.17 54.0 936.14 122.0 936.20
51.0 936.09 116.0 936.17 54.7 936.16 124.0 936.20
53.0 936.13 118.0 936.20 56.0 936.07 126.0 936.17
55.0 936.15 120.0 936.16 57.0 935.91 128.0 936.11
56.0 936.07 122.0 936.19 59.0 935.65 130.0 936.01
58.0 935.72 124.0 936.19 59.2 935.67 132.0 936.01
60.0 935.61 126.0 936.17 61.0 935.48 133.0 935.99
61.0 935.33 128.0 936.12 61.4 935.26 1339 936.03
62.0 935.25 130.0 936.00 62.5 935.13 1342 936.06
63.6 935.06 63.3 934.92 1345 936.30
64.6 934.89 65.6 934.65 134.8 936.44
65.4 935.07 68.0 934.46 136.0 936.67
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Table 36. (Continued) Listing of horizontal stations and elevations for cross section PR191
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1991 1991 1992 1992 1993

2 September 2 September 29 August 29 August 3 September

Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
-04 937.84 70.0 934.55 -0.5 937.83 70.0 934.48 04 937.84
0.0 937.70 71.0 934.50 0.0 937.70 72.0 934.51 2.0 937.58
1.0 937.68 73.0 934.56 1.0 937.66 740 934.62 5.0 937.62
2.0 937.58 75.0 934.69 2.0 937.57 76.0 934.82 7.0 937.20
4.0 937.54 75.8 934.77 4.0 937.55 78.0 935.02 85 937.06
6.0 937.47 77.0 934.94 6.0 937.47 80.7 935.06 10.2 936.31
7.0 937.20 79.0 934.99 7.0 937.20 83.0 935.11 11.0 936.21
8.4 937.06 82.0 935.04 8.0 937.12 85.0 935.11 13.0 936.10
9.1 936.85 85.0 935.08 8.5 937.06 874 935.08 15.0 936.07
10.2 936.31 88.0 935.10 9.0 936.83 89.0 935.03 17.0 936.11
124 936.09 91.0 935.03 103 936.29 91.0 935.02 19.0 936.09
14.0 936.03 92.0 934.95 12.0 936.12 93.0 934.91 21.0 936.04
16.0 936.03 95.0 934.84 14.0 936.05 95.0 934.79 23.0 936.00
18.0 936.03 97.0 934.81 16.0 936.04 97.0 934.79 25.0 936.08
20.0 936.04 99.0 934.84 18.0 936.04 99.0 934.83 27.0 936.13
22.0 935.93 99.7 935.13 20.0 936.05 99.7 935.08 29.0 936.13
240 935.98 100.6 935.93 22.0 935.93 100.4 935.71 31.0 936.12
26.0 936.08 100.7 936.30 24.0 935.98 100.8 936.27 33.0 936.00
28.0 936.06 102.0 936.26 26.0 936.08 102.0 936.20 35.0 936.00
30.0 936.08 104.0 936.19 28.0 936.07 104.0 936.16 37.0 936.05
32.0 936.04 106.0 936.16 30.0 936.08 106.0 936.14 39.0 936.10
34.0 935.94 108.0 936.23 32.0 936.03 108.0 936.23 41.0 936.10
36.0 935.96 111.0 936.23 34.0 935.95 110.0 936.21 43.0 936.11
38.0 936.01 114.0 936.16 36.0 935.96 113.0 936.19 45.0 936.10
40.0 936.05 117.0 936.18 38.0 936.00 116.0 936.18 47.0 936.10
420 936.07 120.0 936.15 40.0 936.06 119.0 936.20 49.0 936.13
440 936.06 123.0 936.23 42.0 936.07 1220 936.17 51.0 936.17
46.0 936.04 126.0 936.17 44.0 936.07 125.0 936.19 53.0 936.20
480 936.05 128.5 936.04 46.0 936.05 127.0 936.16 54.0 936.20
50.0 936.08 130.0 936.01 48.0 936.06 128.0 936.12 55.0 936.20
520 936.10 132.0 936.00 50.0 936.08 130.0 936.00 56.0 936.18
54.0 936.14 133.0 936.00 52.0 936.11 132.0 935.99 " 570 936.11
56.0 936.12 134.0 936.04 54.0 936.14 133.6 935.99 58.9 935.90
56.5 936.09 135.0 936.42 56.0 936.13 135.0 936.39 59.3 935.67
58.0 935.84 136.0 936.66 57.0 936.01 136.0 936.63 59.7 935.63
60.0 935.65 137.0 936.78 59.0 935.77 137.3 936.80 60.2 935.44
60.6 935.54 139.0 936.81 59.6 935.79 139.0 936.80 604 935.11
61.0 935.31 141.0 936.81 60.9 935.31 141.0 936.80 61.0 934.96
62.0 935.18 144.0 936.85 62.5 935.08 144.0 936.86 63.0 934.71
64.0 934.78 147.0 936.87 64.0 934.79 147.0 936.88 65.0 934.76
66.7 934.52 150.0 936.80 66.0 934.61 150.0 936.79 67.0 934.61
68.0 934.54 151.6 936.87 68.0 934.45 151.6 936.87 70.0 934.70
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Table 36. (Continued) Listing of horizontal stations and elevations for cross section PR191
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1993 1993 1994 1994 1995
3 September 3 September 19 September 19 September 30 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
73.0 934.83 143.0 936.83 -04 937.81 88.0 934.77 -0.4 937.82
76.0 934.87 147.0 936.87 0.0 937.70 90.0 934.75 0.0 937.70
79.0 935.01 150.0 936.81 2.0 937.58 92.0 934.70 1.0 937.66
81.0 935.07 151.6 936.88 4.0 937.55 94.0 934.68 3.0 937.59
83.0 935.10 5.0 937.60 96.0 934.66 5.0 937.62
85.0 935.10 7.0 937.18 : 98.0 934.66 7.0 937.20
87.0 935.03 8.0 937.07 99.2 934.90 8.0 937.07
90.0 934.78 ’ 10.0 936.34 100.8 935.39 104 936.35
93.0 934.72 11.0 936.25 1015 936.30 12.0 936.25
95.0 934.81 13.0 936.10 103.0 936.41 14.0 936.18
97.0 934.92 15.0 936.07 105.0 936.46 16.0 936.21
99.0 934.93 18.0 936.09 108.0 936.44 18.0 936.23
99.7 934.83 21.0 936.05 111.0 936.39 20.0 936.23
100.6 935.20 25.0 936.09 114.0 936.34 22.0 936.17
100.7 935.54 28.0 936.12 117.0 936.39 24.0 936.18
101.2 935.90 31.0 936.13 1200 936.38 26.0 936.26
101.3 936.22 33.0 936.01 123.0 936.40 28.0 936.27
101.8 936.40 36.0 936.03 125.0 936.31 30.0 936.27
103.0 936.41 39.0 936.07 1270 936.27 32.0 936.25
104.0 936.46 42.0 936.11 129.0 936.12 34.0 936.23
105.0 936.56 45.0 936.11 130.0 936.08 36.0. 936.24
106.0 936.50 48.0 936.12 1320 936.07 38.0 936.26
107.0 936.43 51.0 936.16 1335 936.07 40.0 936.27
109.0 936.51 53.0 936.21 1342 936.15 420 936.27
111.0 936.47 55.0 936.21 136.0 936.65 44.0 936.29
113.0 936.47 56.5 936.21 137.0 936.78 46.0 936.29
1153 936.50 58.6 935.95 139.0 936.80 48.0 936.32
116.0 936.41 59.8 935.56 142.0 936.82 50.0 936.34
118.0 936.47 59.9 935.27 145.0 936.85 52.0 936.39
120.0 936.38 . 61.7 934.89 150.0 936.80 53.3 936.43
122.0 936.37 64.0 934.68 151.6 936.88 55.0 936.45
124.0 936.33 66.0 934.55 186.0 936.86 56.1 936.47
126.0 936.31 68.0 934.50 57.8 935.96
128.0 936.17 70.0 934.62 58.5 935.31
129.0 936.10 72.0 934.71 59.4 934.79
130.0 936.06 74.0 934.77 61.0 934.81
132.0 936.06 76.0 934.76 63.0 934.86
133.0 936.04 78.0 934.76 65.0 934.94
134.0 936.09 80.0 934.79 67.0 934.97
1355 936.55 82.0 934.77 69.0 935.00
137.0 936.78 84.0 934.79 71.0 935.05
140.0 936.79 86.0 934.78 73.0 935.06
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Table 36. (Continued) Listing of horizontal stations and elevations for cross section PR191
[Sta., station, distance in meters from a reference pin on the left bank; Elev., elevation, in meters above sea level]

1995 1995 1996 1996 1997
30 September 30 September 22 October 22 October 17 September
Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev. Sta. Elev.
75.0 935.06 142.0 936.81 -04 937.82 98.0 934.70 -04 937.83
77.0 934.98 144.0 936.86 1.0 937.65 99.0 934.61 1.0 937.65
79.0 934.97 146.0 936.88 2.0 937.59 99.5 934.94 33 937.58
81.0 935.07 148.0 936.86 4.0 937.55 101.0 935.20 6.0 937.51
83.0 934.95 150.0 936.81 6.0 937.45 102.0 935.59 7.0 937.26
85.0 934.94 151.6 936.88 7.0 937.19 1024 936.09 8.0 937.11
87.0 934.94 142.0 936.81 84 937.02 104.0 936.58 9.0 936.92
89.0 934.86 144.0 936.86 10.0 936.40 105.5 936.67 10.0 936.43
91.0 934.96 146.0 936.88 11.0 936.31 107.0 936.69 12.0 936.24
93.0 934.94 148.0 936.86 13.0 936.20 109.0 936.66 14.0 936.19
95.0 934.86 150.0 936.81 16.0 936.20 111.0 936.68 17.0 936.22
97.0 934.79 151.6 936.88 19.0 936.22 114.0 936.63 20.0 936.24
99.0 934.59 220 936.16 117.0 936.60 23.0 936.19
99.7 935.31 25.0 936.21 120.0 936.61 26.0 936.26
100.0 935.47 28.0 936.27 123.0 936.63 29.0 936.28
100.7 935.32 31.0 936.28 125.0 936.54 32.0 936.27
101.3 935.47 34.0 936.23 128.0 936.54 35.0 936.23
1023 936.25 37.0 936.27 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>