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; assunmes the entire risk as to the results and performance of the
; software. In no case will any party involved with creation or use
; of the software be liable for any damage that may result.

; Instruction paraneters are set for the follow ng types of equipnent:
; Data | oggers: CR510, CR500, CR10, or CR10X

; Turbidity probe: D & A lnstrunents, OBS-3, 2.5V clanp

; Pressure transducer: Druck PDCR 1830 differential nV out put

; Pumpi ng sanpler: |SCO 3700

; The use of different devices may require nodification to specific paraneters.

; The use of trade nanes is not an endorsenent by the USDA Forest Service.
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; The program wakes up every 10 or 15 minutes, depending on the site,
; and sanples turbidity at 0.5 second intervals for 30 seconds for a
; total of 60 readings. The nedian turbidity is saved.

; The median turbidity and average stage val ues are used to

; trigger a punping sanmpler if the sanpling criteria are satisfied.

; A docunent containing programnotes and definitions can be found at
. http://www.rsl.psw.fs.fed.us/projects/water/tts_definitions.pdf

; The conditions which govern sanpling are as foll ows:

; BASE FLOW This condition occurs when the stage is |ess than the
; specified mninmumstage (mn_stg). Mnimumstage is the | owest

; stage where both the turbidity probe and punping sanpl er intake

; are adequately submerged and functional. No sanpling takes place
; in this node.

; RISING A start-up sanple is collected at the first interva

; above mnimum stage, if the turbidity is above the second rising
; threshold (the first threshold is always zero), and no rising

; t hreshol ds have been sanpled within the past 3 hours (now hard-

; coded, but could be a paraneter). The condition becones rising


http://www.rsl.psw.fs.fed.us/projects/water/tts_definitions.pdf

at the first interval above base flow. For sanpling to occur in
arising turbidity condition, the turbidity nust be equal to, or
greater than, the next rising threshold for 2 (stay) intervals.

REVERSALS: A turbidity reversal occurs when the turbidity has
changed direction for 2 (stay) intervals, and has dropped 10%
(revpctl) fromthe prior peak or risen 20% (revpct2) fromthe
prior trough, and changed | east 5 NTUs (rev_val) in both cases.
A sanmple is collected if a threshold has been crossed since the
previ ous peak or trough, unless that threshold has al ready been
sanpled in the past 5 (rev_wait) intervals.

FALLING Sanpling occurs in a falling turbidity condition when
the turbidity is less than, or equal to, the next falling
threshold for 2 (stay) intervals.

OVERFLOW  Turbidity sensor output exceeds the data | ogger's
mllivolt Iimt setting (mv_limt). In this node, one (limskip)
interval will be skipped between each sanpled interval.

Recorded information is witten to the datal ogger nenory for all the
above conditions.

Bet ween each execution interval the datal ogger goes into a
qui escent state.
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; P M PARAMETERS

0

1
2:
3:

THRESHOLD CODES:

I ndi cat es when the average stage < the m ni num st age

I ndicates rising threshold

I ndicates falling threshold

Indicates the first interval into the program and the status

of whether the thresholds are rising or falling has not yet been
est abl i shed.

SAMPLI NG CODES:

0: No sanple collected
1: Threshold sanmple collected
2: Depth Integrated sanple collected
3: Auxillary sanple collected (set to 1 if also a threshold sanple)
4: Start-up sanple collected
5: Fixed tine sanple above nV Iinit collected
FLAG USAGE:
FLAG 1:
- Low. No action, normal program execution
-Hi gh: Increments dunp counter and resets bottle counter to O
FLAG 2:
- Low. No action, normal program execution
-Hi gh: For a Depth Integrated sanple to be taken
FLAG 3:
- Low: No action, normal program execution
-Hi gh: For an Auxillary sanple to be taken
FLAG 4:

- Low. Cold start, subroutine to initialize variables
-H gh: Warmstart, continue with normal execution



FLAG 5:

- Low: Wat er tenperature sensor not connected
-Hi gh: \Water tenperature sensor (107) connected

FLAG 6:

- Low. Air tenperature sensor not connected
-Hi gh: Air tenperature sensor (107) connected

FLAG 7:

- Low. Ti ppi ng bucket rain gage not connected
-Hi gh: Tipping bucket rain gage is connected

FLAG 8:

- Low. Turbidity saved as an integer val ue
-Hi gh: Turbidity saved as a floating point val ue
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1
2
3
4
5
6
7
8
9
7

Sorts turbidity values into ascendi ng order

Determ nes the nmedian turbidity val ue

Wites data to datal ogger final storage

First interval average stage is above m ni num stage
Determ nes rising/falling threshol ds

Triggers punped sanple and increnents bottle counter
Initializes variables

Det erm nes next threshold | ocation

Fi xed tine sanple when T-probe output is above nV linit

9: Threshol d sanpling code
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; MEMORY ADDRESSES

DO NOT nmove, insert, or delete instructions between the follow ng
address locations or the programw ||l not funtion correctly.

These | ocations are hard-coded in the program (Il ocations, not

vari abl e nanes, are referenced). Always add new vari abl es,

via the Input Location Editor, follow ng the highest address listed

below. |If a variable, froman address NOT |isted below, is no
| onger needed del ete the variable nane but |eave the | ocation bl ank
Addr

1 - 61

63 - 64

66 - 67

71 - 74

130 - 131

140 - 185
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Requi red sensors and connections for TTS:

CR510, CR500, or CR10 data | oggers

Druck PDCR 1830, nV output, Pressure Transducer
El
L1 H1
OBS-3 Turbidity Probe
E3 (connection not avail abl e)
SE3
Cl -->relay
| SCO 3700 Fl ow connecti on
E2 --> FET transistor --> rel ay



; CR10X

; Druck PDCR 1830, nV output, Pressure Transducer
; El

; L1 HL

; OBS-3 Turbidity Probe

; E3 (reserved, but no connection)

; SE3

; Cl --> Sw1iz2v

; | SCO 3700 Fl ow connecti on

; C2 -->relay

; Optional sensors and connecitons

; Rai n Gauge

; P1

; CR10X only

; Wat er tenperature probe, Canpbell Scientific 107
; E2

; SE4

; Air tenperature probe, Canpbell Scientific 107
; E2

; SE5
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; DATA LOGGERS

; CR510, CR500, and CR10 (requires 2 relays, one controlled
; wWith FET transistor)
; CR10X (requires 1 relay)
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; Table 1, Execution interval (600 or 900 seconds)

; L62, Set 2: to 10 or 15, to match the execution
; i nterval above

; Table 2, Sub 3, L62, Storage Area, array id (1 - 511)

; Sub 7, L148, M ni num st age

; L149, T-Probe nultiplier

; L150, T-Probe offset

; L151, Pressure transducer nultiplier

; L152, Pressure transducer offset

; L154, Flag, water tenperature (CRLOX only)

; L155, Flag, air tenperature (CR10X only)

; L156, Flag, rain gage

; L157, Flag, turbidity resolution

; L158, isco_ex, excitation port for isco

; L159, qcalc, flag to activate discharge cal cul ation
; L160, g nult, multiplier for discharge equation
; L161, g_exp, exponent for discharge equation

; L174, Nunber of non-zero rising thresholds, set
; paranmeter 2

; L175 Nunber of non-zero falling thresholds, set
; paranmeter 2

; L185, Start threshold bul k | oad

; L189, End threshold bul k | oad



*Tabl e 1 Program
01: 600 Execution Interval (seconds)

; Read battery voltage
1. Batt Voltage (P10)
1. 124 Loc [ bat_volt ]

;1f [Flag 4 is low], then cold start
2. If Flag/Port (P91)

1. 24 Do if Flag 4 is Low

2. 30 Then Do

;Call subroutine 7 to initialize variabl es
3: Do (P86)

1. 7 Call Subroutine 7

;Set Flag 4 high to continue nornmal program exectution
4: Do (P86)
1. 14 Set Flag 4 High

; End of case, [If Flag 4 is |ow]
5:  End (P95)

;1f [Flag 1 is high], then it is a new dunp
6. If Flag/ Port (P91)

1. 11 Do if Flag 1 is High

2: 30 Then Do

;I ncrement dunp counter
7. Z=Z+1 (P32)
1. 108 Z Loc [ dunmp_cnt ]

: Reset bottle counter to O
8. Z=F (P30)

1: 0 F
2: 00 Exponent of 10
3: 112 Z Loc [ bot_cnt ]

: Reset next |SCO counter to 1
9: Z=F (P30)

1. 1 F
2: 00 Exponent of 10
3: 111 Z Loc [ nxt_bot ]

;Set flag 1 low for warm start
10: Do (P86)
1. 21 Set Flag 1 Low

; End of case, [If Flag 1 is high]
11: End (P95)



; Set sanple code = 0, for no threshol ds sanpl ed
12:  Z=F (P30)

1: 0 F
2: 00 Exponent of 10
3: 102 Z Loc [ snp_code ]

:Set bottle =0
13: Z=F (P30)

1: 0 F
2: 00 Exponent of 10
3: 86 Z Loc [ bottle ]

;lnitialize total stage = 0
14: Z=F (P30)

1: 0 F
2: 00 Exponent of 10
3: 79 Z Loc [ tot_stg ]

;lnitialize turbidity | oop counter (k = 0)
15: Z=F (P30)

1. 0 F
2: 00 Exponent of 10
3: 65 Z Loc [ k ]

;lnitialize stage | oop counter (n = 0)
16: Z=F (P30)

1. 0 F
2: 00 Exponent of 10
3: 126 Zloc [ n ]

;lncrenent interval counter each tine the table is executed
17: Z=Z+1 (P32)
1. 95 Z Loc [ interval ]

;Set Port 1 high to turn on T-probe
18: Do (P86)
1: 41 Set Port 1 High

: Reset tiner
19:  Tiner (P26)
1: O Reset Ti mer

; Begin loop to warm up T-probe
20: Begi nni ng of Loop (P87)

1: 0000 Del ay

2: 9999 Loop Count

; Store tinmer value in |ocation prob_tine
21:  Tinmer (P26)
1: 109 Loc [ prob_tine ]

;1f [prob_tinme>=2.5], then exit |oop
22: If (X<=>F) (P89)



1. 109 X Loc [ prob_tine ]
2. 3 >=

3: 2.5 F

4: 31 Exit Loop if True

; End of loop to warm up T-probe
23: End (P95)

;Begin loop to read 60 turbidity values (mvV)
24: Begi nning of Loop (P87)

1: 0000 Del ay

2: 60 Loop Count

; Reads turbidity probe (nV)
25: Excite-Delay (SE) (P4)
: Reps
2500 nV Sl ow Range
SE Channel
Excite all reps w Exchan 3 ; not connected
Del ay (units 0.01 sec)
nV Excitation
1 Loc [ raw_nv 1 ; nV (raw val ue)
Mul t
0 O f set

O©Coo~NOOOTA,WNPE

;Call subroutine 1 to sort nV values into ascendi ng order
26: Do (P86)
1. 1 Call Subroutine 1

; End of loop to read turbidity
27: End (P95)

;Set Port 1 lowto turn off T-probe
28: Do (P86)
1. 51 Set Port 1 Low

;Call subroutine 2 to deternm ne the nmedi an nV val ue
29: Do (P86)
1. 2 Cal | Subroutine 2

; Convert millivolts to FTU s, nmed turb = med_mv * turb_nult
30: Z=X*Y (P36)
1. 76 X Loc [ ned_nv ]

2: 114 Y Loc [ turb_mult ]



3. 77 Z Loc [ med_turb ] ; FTUs

; Add offset to turbidity values, med_turb = med_turb + turb_off
31: Z=X+Y (P33)

1. 77 X Loc [ nmed_turb ]
2: 115 Y Loc [ turb_off ]
3. 77 Z Loc [ nmed_turb ]

;1f [Flag 8 is low], then convert turbidity to integer
32: If Flag/Port (P91)

1. 28 Do if Flag 8 is Low

2: 30 Then Do

; Round turbidity (by adding 0.5)
33:  Z=X+F (P34)

1. 77 X Loc [ nmed_turb ]
2: .5 F
3 77 Z Loc [ med_turb ]

; Truncate to integer

34: Z=INT(X) (P45)
1. 77 X Loc [ nmed_turb ]
2: 77 Z Loc [ med_turb ]

; End of case [Flag 8 is | ow
35:  End (P95)

; Begining of loop to read the pressure transducer
36: Begi nning of Loop (P87)

1: 0000 Del ay

2: 150 Loop Count

; I ncrement counter
37: Z=Z+1 (P32)
1. 126 Zloc [ n ]

; Reads pressure transducer

38: Full Bridge (P6)

Reps

25 nmv Sl ow Range

DI FF Channel

Excite all reps w Exchan 1
nV Excitation

Loc [ raw stg ]

Mul t

O f set

N O1
o
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Adds up total stage each tine the |loop is executed
39: Z=X+Y (P33)

1. 125 X Loc [ raw_ stg ]
2: 79 Y Loc [ tot_stg ]
3: 79 Z Loc [ tot_stg ]

; End of loop to read pressure transducer
40: End (P95)



; Conput e aver age stage
41: z=X/Y (P38)

1. 79 X Loc [ tot_stg ]
2: 126 Y Loc [ n ]
3: 80 Z Loc [ avg_stg ]

;Convert millivolts to feet of stage, stage = stage * stg_nult
42: Z=X*Y (P36)

1. 80 X Loc [ avg_stg ]
2: 116 Y Loc [ stg nult ]
3: 78 Z Loc [ stage ]

; Add offset to stage, stage = stage + stg_off
43: Z=X+Y (P33)

1: 78 X Loc [ stage ]
2: 117 Y Loc [ stg_off ]
3. 78 Z Loc [ stage ]

;*** Non-TTS Sensors ***

;1f [qcalc = 1], then conpute di scharge
44: If (X<=>F) (P89)

1: 193 X Loc [ qcalc ]
2: 1 =

3: 1 F

4: 30 Then Do

; Rai se average stage to a power
45;  Z=X Y (PAT)

1. 78 X Loc [ stage ]
2: 128 Y Loc [ q_exp ]
3: 129 Z Loc [ gq_prod ]

; Cal ¢ di scharge
46: Z=X*Y (P36)

1. 127 X Loc [ g_mult ]
2: 129 Y Loc [ gq_prod ]
3: 139 Z Loc [ disch ]

; End of case [qcalc = 1]
47: End (P95)

;1f [Flag 5 is high], then nmeasure water tenperaure
48: |If Flag/Port (P91)

1. 15 Do if Flag 5 is High

2: 30 Then Do

; Read water tenperature
49: Tenp (107) (P11)

1: 1 Reps
2: 4 SE Channe
3 2 Excite all reps w E2



4: 123 Loc [ wenp ]
5: 1.0 Mul t
6: 0.0 O fset

; End of case [If Flag 5 is high]
50: End (P95)

;1f [Flag 6 is high], then neasure air tenperature
51: If Flag/Port (P91)

1. 16 Do if Flag 6 is High

2: 30 Then Do

; Read air tenperature

52: Tenp (107) (P11)

Reps

SE Channel

Excite all reps w E2
Loc [ atenp ]
Mul t

O f set
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; End of case [If Flag 6 is high]
53: End (P95)

;1f [Flag 7 is high], then nmeasure rainfall
54: If Flag/Port (P91)

1. 17 Do if Flag 7 is High

2: 30 Then Do

; Read rain gage pul ses
55: Pulse (P3)

Reps

Pul se Channel 1

Switch Closure, Al Counts
2 Loc [ rain ]
01 Mul t
0 O f set

2
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;Add rainfall from wakeup to daily total
56: Z=X+Y (P33)

1. 122 X Loc [ rain ]
2: 186 Y Loc [ daily ]
3: 186 Z Loc [ daily ]

;Add rainfall from wakeup to season total
57: Z=X+Y (P33)

1. 122 X Loc [ rain ]

2: 187 Y Loc [ season ]

3: 187 Z Loc [ season ]

; 1 m dni ght

58: If time is (P92)

1: 0000 M nutes (Seconds --) into a
2: 1440 Interval (sanme units as above)
3: 30 Then Do

;Set daily rain total to zero when nidnight



59:  Z=F (P30)

1: 0.0 F
2: 00 Exponent of 10
3: 186 Z Loc [ daily ]

; End i f midnight
60: End (P95)

; End of case [If Flag 7 is high]
61: End (P95)

;1f time is at the begining of a interval, then do
62: If time is (P92)

1. 0 M nutes (Seconds --) into a
2: 10 Interval (sanme units as above)
3: 30 Then Do

;1f [Flag 2 is high], then take a depth integrated sanple
63: If Flag/Port (P91)

1. 12 Do if Flag 2 is High

2: 30 Then Do

; Set sanple code = 2 for DI sanple taken
64: Z=F (P30)

1. 2 F
2: 00 Exponent of 10
3: 102 Z Loc [ snp_code ]

;Call subroutine 6 to collect |SCO sanple
65: Do (P86)
1. 6 Call Subroutine 6

;Set Flag 2 low for normal program execution
66: Do (P86)
1. 22 Set Flag 2 Low

; End of case, [If Flag 2 is high]
67: End (P95)

;1f [Flag 3 is high], then take an auxillary sanple
68: |If Flag/Port (P91)

1. 13 Do if Flag 3 is High

2: 30 Then Do

; Set sanple code = 3 for aux sanple taken
69: Z=F (P30)

1. 3 F
2: 00 Exponent of 10
3: 102 Z Loc [ snp_code ]

;Call subroutine 6 to collect |SCO sanple
70: Do (P86)



1. 6 Cal | Subroutine 6

;Set Flag 3 low for normal program execution
71: Do (P86)
1. 23 Set Flag 3 Low

; End of case, [If Flag 3 is high]
72:  End (P95)

;1f [interval < 3], then do
73: If (X<=>F) (P89)

1: 95 X Loc [ interval ]

2: 4 <

3: 3 F

4: 30 Then Do

;1f [interval = 1], then it is the first interva
74;: |f (X<=>F) (P89)

1: 95 X Loc [ interval ]

2: 1 =

3: 1 F

4: 30 Then Do

;1f [stage < m nimum stage], then base flow
75. If (X<=>Y) (P88)

1. 78 X Loc [ stage ]

2: 4 <

3: 92 Y Loc [ min_stg ]

4: 30 Then Do

; Set threshold code to O for stage < nmin_stg (base flow)
76: Z=F (P30)

1: 0 F

2: 00 Exponent of 10

3: 101 Z Loc [ thr_code ]

;Call subroutine 3 to wite data to datal ogger nenory
77: Do (P86)

1. 3 Cal | Subroutine 3

; End of case, [If stage < m n_stg]

78: End (P95)

:Set threshold code = 3 for unknown threshold condition
79:  Z=F (P30)

1: 3 F

2: 00 Exponent of 10

3: 101 Z Loc [ thr_code ]



; End of case, [If interval = 1]
80: End (P95)

;1f [interval <> 1], then it is the second interva
81: If (X<=>F) (P89)

1: 95 X Loc [ interval ]
2: 2 <>

31 F

4: 30 Then Do

f [thr_code = 0], then first reading was in base fl ow

I

2 If (X<=>F) (P89)

1. 101 X Loc [ thr_code ]
2. 1 =

3: 0 F

4: 30 Then Do

;1f [stage >= min_stg], then it is out of base flow

83 If (X<=>Y) (P88)

1: 78 X Loc [ stage ]
2. 3 >=

3: 92 Y Loc [ min_stg ]
4: 30 Then Do

84: Do (P86)

;Call subroutine 4 for 1st interval above m ni mum st age
4.
1. 4 Cal | Subroutine 4

; End of case, [if stage >= min_stqg]
85: End (P95)

; End of case, [if thr_code = 0]
86: End (P95)

;1f [thr_code = 3], then first interval turbidity condition unknown
87: If (X<=>F) (P89)

1: 101 X Loc [ thr_code ]
2: 1 =

3: 3 F

4: 30 Then Do

;Find the difference between old turb and ned turb
88: Z=X-Y (P35)

1. 91 X Loc [ old turb ]
2: 77 Y Loc [ nmed_turb ]
3: 113 Z Loc [ diff ]

;1f [diff < 0], then threshold is rising
89: If (X<=>F) (P89)



1: 113 X Loc [ diff ]

2: 4 <

3: 0 F

4: 30 Then Do

;Set thr_code = 1 for rising threshold
90: Z=F (P30)

1. 1 F

2: 00 Exponent of 10

3: 101 Z Loc [ thr_code ]

;Set tmax = med_turb
91: Z=X (P31)

1. 77 X Loc [ med_turb ]
2: 82 Z Loc [ tnax ]

; End of case, [If diff < Q]
92: End (P95)

;Else if [diff >= 0], then threshold is falling
93: If (X<=>F) (P89)

1: 113 X Loc [ diff ]
2. 3 >=

3: 0 F

4: 30 Then Do

;Set thr_code = 2 for falling threshold
94: Z=F (P30)

1 F

2: 00 Exponent of 10

3: 101 Z Loc [ thr_code ]

= ON

;Set tmin = nmed_turb
95: Z=X (P31)

1. 77 X Loc [ nmed_turb ]
2: 81 Zloc [ tnmin ]

; End of case, [If diff >= 0]
96: End (P95)

;Call subroutine 5 to find threshold val ue
97: Do (P86)
1: 5 Cal | Subroutine 5

; End of case, [If thr_code = 3]
98: End (P95)

; End of case, [If interval <> 1]
99: End (P95)



;Call subroutine 3 to wite data to datal ogger nenory
100: Do (P86)
1. 3 Call Subroutine 3

; End of case, [If interval < 3]
101: End (P95)

;1f [stage < m ni num stage], then do
102: If (X<=>Y) (P88)

1: 78 X Loc [ stage ]
2: 4 <

3: 92 Y Loc [ min_stg ]
4: 30 Then Do

;Set thr_code = 0 for base flow conditions
103: Z=F (P30)

1: 0 F
2: 00 Exponent of 10
3: 101 Z Loc [ thr_code ]

;Call subroutine 3 to wite data to datal ogger nenory
104: Do (P86)
1. 3 Cal | Subroutine 3

; End of case, [If stage < m n_stg]
105: End (P95)

;1f [thr_code = 0], then previous interval was in base flow
106: If (X<=>F) (P89)

I

0

1. 101 X Loc [ thr_code ]
2. 1 =

3: 0 F

4: 30 Then Do

;1f [stage >= min_stg], then conming out of base flow
107:  1f (X<=>Y) (P88)

1: 78 X Loc [ stage ]
2. 3 >=

3: 92 Y Loc [ min_stg ]
4: 30 Then Do

;Call subroutine 4 for the 1st interval above m ni num stage
108: Do (P86)
1. 4 Cal | Subroutine 4

; End of case, [If stage >= min_stqg]
109: End (P95)

; End of case, [If thr_code =0]
110: End (P95)



;1f [thr_code = 1], then threshold is rising
111: If (X<=>F) (P89)

1. 101 X Loc [ thr_code ]
2. 1 =

3: 1 F

4: 30 Then Do

;1f [nedian turbidity >= threshold], then do
112: If (X<=>Y) (P88)

1. 77 X Loc [ nmed_turb ]
2: 3 >=

3: 85 Y Loc [ thr ]
4: 30 Then Do

;Increnent threshold counter
113: Z=zZ+1 (P32)
1: 84 Z Loc [ thr_count ]

;1f [thr_count >= stay], nunber of intervals turbidity is above
;the threshold val ue
114: |If (X<=>Y) (P88)

1. 84 X Loc [ thr_count ]
2. 3 >=

3: 96 Y Loc [ stay ]
4: 30 Then Do

;Call subroutine 79 for threshold sanple
115: Do (P86)
1. 79 Cal | Subroutine 79

;Call subroutine 5 to deternm ne next threshold
116: Do (P86)
1: 5 Cal|l Subroutine 5

; End of case, [If thr_count = stay]
117: End (P95)

;Else [med_turb < thr]
118: El se (P94)

;1 f [med_nmv >= mv_limt], then DO
119: If (X<=>Y) (P88)
1. 76 X Loc [ ned_nv ]



2. 3 >=
3: 190 YLoc [ mvlimt ]
4: 30 Then Do

;Call turbidity overflow subroutine 9
120: Do (P86)
1. 9 Cal | Subroutine 9

; End of case [if ned_nv >= nmv_limt]
121: End (P95)

; End of case, [If ned_turb >= thr]
122: End (P95)

;1f [med_turb >= tmax], then do
123: If (X<=>Y) (P88)

1. 77 X Loc [ med_turb ]
2. 3 >=

3. 82 Y Loc [ tnax ]
4: 30 Then Do

;Set tmax = nmed_turb

124: z=X (P31)

1. 77 X Loc [ nmed_turb ]
2: 82 Z Loc [ tnax ]

:Set reversal counter = 0
125: Z=F (P30)

1: 0 F
2: 00 Exponent of 10
3: 83 Z Loc [ rev_count ]

; End of case, [If ned_turb >= tnmax]
126: End (P95)

f [med_turb < old turb], then do
7. If (X<=>Y) (P88)

I

2

1. 77 X Loc [ nmed_turb ]
2: 4 <

3: 91 Y Loc [ old_turb ]
4: 30 Then Do

;1f [snp_code <> 5], then do
128: |If (X<=>F) (P89)

1: 102 X Loc [ snp_code ]
2: 2 <>

3: 5 F

4: 30 Then Do

;I ncrenent reversal counter
129: Z=Z+1 (P32)
1. 83 Z Loc [ rev_count ]



; End of case [snmp_code <> 5]
130: End (P95)

;Set rev_mult = tmax * revpctl
131: Z=X*Y (P36)

1. 82 X Loc [ tnax ]
2: 88 Y Loc [ revpctl ]
3: 100 Z loc [ rev_mult ]

; Find the difference between rev_val and rev_mult
132: Z=X-Y (P35)

1. 110 X Loc [ rev_val ]
2: 100 Y Loc [ rev_nult ]
3: 113 Z Loc [ diff ]

;1 f [diff < 0], then rev_mult > rev_val
133: If (X<=>F) (P89)

1. 113 X Loc [ diff ]
2. 4 <

3: 0 F

4: 30 Then Do

;Set rev_thr = tnax - rev_nult
134: Z=X-Y (P35)

1. 82 X Loc [ tnax ]
2: 100 Y Loc [ rev_nult ]
3: 90 Z Loc [ rev_thr ]

; End of case, [If diff < Q]
135: End (P95)

;Else if [diff >= 0], then rev_nmult =< rev_val]
136: If (X<=>F) (P89)

1: 113 X Loc [ diff ]
2: 3 >=

3: 0 F

4: 30 Then Do

;Set rev_thr = tmax - rev_val
137: Z=X-Y (P35)

1. 82 X Loc [ tnax ]
2: 110 Y Loc [ rev_val ]
3: 90 Z Loc [ rev_thr ]

; End of case, [If diff >= 0]
138: End (P95)

;Find the difference between rev_thr and nmed turb
139: Z=X-Y (P35)

1. 90 X Loc [ rev_thr ]

2: 77 Y Loc [ nmed_turb ]



3: 113 Z Loc [ diff ]

;1 f [diff >= 0], then rev_thr >= med_turb]
140: If (X<=>F) (P89)

1: 113 X Loc [ diff ]
2. 3 >=

3: 0 F

4: 30 Then Do

:1f [rev_count >= stay], then do
141: 1 (X<=>Y) (P88)

1: 83 X Loc [ rev_count ]
2. 3 >=

3. 96 Y Loc [ stay ]
4: 30 Then Do

;Set thr_code = 2 for falling threshold
142: Z=F (P30)

1. 2 F
2: 00 Exponent of 10
3: 101 Z Loc [ thr_code ]

;Call subroutine 5 to determ ne next threshold
143: Do (P86)
1: 5 Cal | Subroutine 5

;Set tmin = nmed _turb

144: z=X (P31)

1. 77 X Loc [ nmed_turb ]
2: 81 ZLloc [ tnin ]

:Set scratchl = nextindex - 1
145; Z=X+F (P34)

1. 137 X Loc [ nextindex ]
2: -1 F
3: 130 Z Loc [ SCRATCH1 ]

:Set scratch2 = 106, this is the location of fthr
146: Z=F (P30)

1. 106 F
2: 00 Exponent of 10
3: 131 Z Loc [ SCRATCH2 ]

;Store old threshold in fthr

147: Indirect Myve (P61)

1: 130 Source Loc [ SCRATCHL ]

2: 131 Destination Loc [ SCRATCH2 ]

:Find the difference between fthr and tnax
148: Z=X-Y (P35)

1: 106 X Loc [ fthr ]

2: 82 Y Loc [ tnax ]

3: 113 Z Loc [ diff ]



;1f [diff < 0], then fthr < tnax
149: |If (X<=>F) (P89)

1: 113 X Loc [ diff ]
2. 4 <

3: 0 F

4: 30 Then Do

;1f [fthr <> last _fthr], then do
150: If (X<=>Y) (P88)

I

5

1: 106 X Loc [ fthr ]
2. 2 <>

3. 94 Y Loc [ last _fthr ]
4: 30 Then Do

;Call subroutine 79 for reversal threshold sanple
151: Do (P86)
1. 79 Cal | Subroutine 79

; End of case, [If fthr <> last_fthr]
152: End (P95)

;Set rev_inter = rev_wait + last _fsam
153:  Z=X+Y (P33)

1. 98 X Loc [ last_fsam]
2: 104 Y Loc [ rev_wait ]
3: 105 Z Loc [ rev_inter ]

; Find the difference between rev_inter and interval
154: Z=X-Y (P35)

1. 105 X Loc [ rev_inter ]
2: 95 Y Loc [ interval ]
3: 113 Z Loc [ diff ]

;1f [diff < 0], then rev_inter < interval
155: If (X<=>F) (P89)

1. 113 X Loc [ diff ]
2. 4 <

3: 0 F

4: 30 Then Do

;Call subroutine 79 for reversal threshold sanple
156: Do (P86)
1. 79 Cal | Subroutine 79

; End of case, [If rev_inter < interval]
157: End (P95)



; End of case, [If fthr < tmax]
158: End (P95)

:Set reversal counter = 0
159: Z=F (P30)

1: 0 F
2: 00 Exponent of 10
3: 83 Z Loc [ rev_count ]

; End of case, [If rev_count >= stay]
160: End (P95)

; End of case, [If rev_thr >= ned_turb]
161: End (P95)

; End of case, [If med_turb < old_turb]
162: End (P95)

;Call subroutine 3 to wite data to datal ogger nenory
163: Do (P86)
1. 3 Call Subroutine 3

; End of case, [if thr_code = 1], thresholds rising
164: End (P95)

;1f [thr_code = 2], then thresholds are falling
165: If (X<=>F) (P89)

1. 101 X Loc [ thr_code ]
2: 1 =

3: 2 F

4. 30 Then Do

;Find the difference between thr and nmed turb
166: Z=X-Y (P35)

1. 85 X Loc [ thr ]
2: 77 Y Loc [ nmed_turb ]
3: 113 Z Loc [ diff ]

;1 f [diff >= 0], then thr >= ned_turb
167: |If (X<=>F) (P89)

1. 113 X Loc [ diff ]

2: 3 >=



3: 0 F
4: 30 Then Do

;I ncrenent threshold counter
168: ZzZ=z+1 (P32)
1. 84 Z Loc [ thr_count ]

:1f [thr_count = stay], then do
169: |If (X<=>Y) (P88)

1. 84 X Loc [ thr_count ]

2: 1 =

3: 96 Y Loc [ stay ]

4: 30 Then Do

;1f [inbounds = 1], then still inside threshold array
170: If (X<=>F) (P89)

1. 103 X Loc [ inbounds ]

2: 1 =

31 F

4: 30 Then Do

;Call subroutine 79 for threshold sanple
171: Do (P86)
1. 79 Cal | Subroutine 79

;Call subroutine 5 to determ ne next threshold
172: Do (P86)
1: 5 Cal | Subroutine 5

; End of case, [If inbounds = 1]
173: End (P95)

; End of case, [If thr_count = stay]
174: End (P95)

; End of case, [If thr >= nmed_turb]
175: End (P95)

;1 f [med_nmv >= mv_limt], then DO
176: If (X<=>Y) (P88)

1: 76 X Loc [ med_nv ]
2: 3 >=

3: 190 YLoc [ mvlimt ]
4: 30 Then Do



;Call turbidity overflow subroutine 9
177: Do (P86)
1. 9 Call Subroutine 9

; End of case [if nmed nv >= nv_linit]
178: End (P95)

;Find the difference between tnmin and med _turb
179: Z=X-Y (P35)

1: 81 X Loc [ tnin ]
2: 77 Y Loc [ med_turb ]
3: 113 Z Loc [ diff ]

;1 f [diff >= 0], then tmin >= med_turb
180: If (X<=>F) (P89)

1: 113 X Loc [ diff ]
2. 3 >=

3: 0 F

4: 30 Then Do

;Set tmn = nmed_turb

181: z=X (P31)

1. 77 X Loc [ med_turb ]
2: 81 Zloc [ tnmin ]

:Set reversal counter =0
182: Z=F (P30)

1: 0 F
2: 00 Exponent of 10
3: 83 Z Loc [ rev_count ]

; End of case, [If tmn >= ned_turb]
183: End (P95)

; Find the difference between old turb and ned _turb
184: Z=X-Y (P35)

1: 91 X Loc [ old_turb ]
2: 77 Y Loc [ nmed_turb ]
3: 113 Z Loc [ diff ]

;1f [diff < 0], then old turb < med _turb
185: If (X<=>F) (P89)

1. 113 X Loc [ diff ]
2. 4 <

3: 0 F

4: 30 Then Do

;I ncrement reversal counter



186: Z=Z+1 (P32)
1. 83 Z Loc [ rev_count ]

;Set rev_mult =tmin * revpct2
187: Z=X*Y (P36)

1. 81 X Loc [ tmin ]
2: 89 Y Loc [ revpct2 ]
3: 100 Z loc [ rev_mult ]

; Find difference between rev_val and rev_mult
188: Z=X-Y (P35)

1. 110 X Loc [ rev_val ]
2: 100 Y Loc [ rev_nult ]
3: 113 Z Loc [ diff ]

;1f [diff <0], then rev_val < rev_mult
189: If (X<=>F) (P89)

1. 113 X Loc [ diff ]
2. 4 <

3: 0 F

4: 30 Then Do

;Set rev_thr = tmin + rev_nult
190: Z=X+Y (P33)

1. 81 X Loc [ tmin ]
2: 100 Y Loc [ rev_nult ]
3: 90 Z Loc [ rev_thr ]

; End of case, [If rev_val < rev_nult]
191: End (P95)

;1 f [diff >= 0] then rev_val >= rev_mult
192: If (X<=>F) (P89)

1: 113 X Loc [ diff ]
2: 3 >=

3: 0 F

4: 30 Then Do

;Set rev_thr = tnmin + rev_val
193: Z=X+Y (P33)

1. 81 X Loc [ tmin ]
2: 110 Y Loc [ rev_val ]
3: 90 Z Loc [ rev_thr ]

; End of case, [if rev_val >= rev_mult]
194: End (P95)

;1f [med_turb >= rev_thr], then do
195: If (X<=>Y) (P88)

1. 77 X Loc [ nmed_turb ]

2: 3 >=



3: 90 Y Loc [ rev_thr ]
4: 30 Then Do

f [rev_count >= stay], then do
6: If (X<=>Y) (P88)

I

9

1: 83 X Loc [ rev_count ]
2: 3 >=

3. 96 Y Loc [ stay ]
4: 30 Then Do

;Set thr_code = 1 for rising threshold
197: Z=F (P30)

1. 1 F
2: 00 Exponent of 10
3: 101 Z Loc [ thr_code ]

;Call subroutine 5 to determ ne next threshold
198: Do (P86)
1: 5 Cal | Subroutine 5

;Set tmax = nmed_turb

199: Z=X (P31)

1. 77 X Loc [ nmed_turb ]
2: 82 Z Loc [ tnax ]

:Set scratchl = nextindex - 1
200: Z=X+F (P34)

1. 137 X Loc [ nextindex ]
2: -1 F
3: 130 Z Loc [ SCRATCH1 ]

:Set scratch2 = 107, this is the location of rthr
201: Z=F (P30)

1. 107 F
2: 00 Exponent of 10
3: 131 Z Loc [ SCRATCH2 ]

; Move the last threshold in rthr
202: Indirect Myve (P61)
1. 130 Source Loc [ SCRATCHL ]
2: 131 Destination Loc [ SCRATCH2 ]

;1f [tmn < rthr], then do
203: If (X<=>Y) (P88)

1: 81 X Loc [ tnin ]
2: 4 <

3: 107 Y Loc [ rthr ]
4: 30 Then Do

;1f [rthr <> last _rthr], then do
204: |f (X<=>Y) (P88)



1. 107 X Loc [ rthr ]
2. 2 <>

3: 93 Y Loc [ last_rthr ]
4: 30 Then Do

;Call subroutine 79 for reversal threshold sanple
205: Do (P86)
1. 79 Cal | Subroutine 79

; End of case, [If rthr < last_rthr]
206: End (P95)

;Set rev_inter = last_rsam+ rev_wait
207: Z=X+Y (P33)

1. 97 X Loc [ last_rsam]

2: 104 Y Loc [ rev_wait ]

3: 105 Z Loc [ rev_inter ]

; Find the difference between rev_inter and interva
208: Z=X-Y (P35)

1: 105 X Loc [ rev_inter ]
2: 95 Y Loc [ interval ]
3: 113 Z Loc [ diff ]

;1f [diff < 0], then rev_inter < interva
209: If (X<=>F) (P89)

1. 113 X Loc [ diff ]
2. 4 <

3: 0 F

4: 30 Then Do

;Call subroutine 79 for reversal threshold sanple
210: Do (P86)
1. 79 Cal | Subroutine 79

; End of case, [If rev_inter < interval]
211: End (P95)

; End of case, [If tmn < rthr]
212: End (P95)

:Set reversal counter =0
213: Z=F (P30)

1: 0 F
2: 00 Exponent of 10
3: 83 Z Loc [ rev_count ]

; End of case, [If rev_count >= stay]
214: End (P95)



; End of case, [If med_turb >= rev_thr
215: End (P95)

; End of case, [If old_turb < ned_turb]
216: End (P95)

;Call subroutine 3 to wite data to datal ogger nenory
217: Do (P86)
1. 3 Call Subroutine 3

; End of case, [If thr_code = 2], thresholds falling
218: End (P95)

; End of case, [If at the begining of an interval]
219: End (P95)

*Tabl e 2 Program
02: 0 Execution Interval (seconds)

; Not Used

*Tabl e 3 Subroutines

; SUBROUTINE 1 to sorts turbidity nV values into ascendi ng order
1: Beginning of Subroutine (P85)
1. 1 Subroutine 1

;I ncrement counter k
2: Z=Z+1 (P32)
1. 65 Z Loc [ k ]

; Set counter j = k

3:  Z=X (P31)
1. 65 X Loc [ Kk ]
2: 66 Z Loc [ ] ]



;Set insert flag = 0
4: Z=F (P30)

1. 0 F
2: 00 Exponent of 10
3. 68 Z Loc [insert ]

; Loop for inserting new val ues
5:  Begi nning of Loop (P87)

1. 0 Del ay

2: 0 Loop Count

; Set continue flag = 0
6: Z=F (P30)

1: 0 F
2: 00 Exponent of 10
3: 69 Z Loc [ continue ]

;1 [j >= 2], then do
7: If (X<=>F) (P89)

1. 66 X Loc [ j ]
2. 3 >=

3. 2 F

4: 30 Then Do

;1f [insert flag = 0], then do
8: If (X<=>F) (P89)

1: 68 X Loc [ insert ]
2: 1 =

3: 0 F

4: 30 Then Do

;Set jmnusl =j - 1
9:  Z=X+F (P34)

1. 66 X Loc [ ] ]
2: -1 F
3: 67 Z Loc [ jmnusl ]

; Set LAST LOC = 62, this is the location for last_nv
10: Z=F (P30)

1. 62 F
2: 00 Exponent of 10
3: 64 Z Loc [ LAST_LOC ]

;Set last_mv = raw nv(j-1)

11: Indirect Mve (P61)

1: 67 Source Loc [ jmnusl ]

2: 64 Destination Loc [ LAST_LOC ]



;1f [raw_nmv >= last_mv], then do
12:  If (X<=>Y) (P88)

1: 61 X Loc [ raw_nv ]
2: 3 >=

3: 62 Y Loc [ last_nmv ]
4: 30 Then Do

;Set insert flag = 1

13: Z=F (P30)

1. 1 F

2: 00 Exponent of 10

3. 68 Z Loc [ insert ]

; End of case, [If raw_mv >= | ast_nv]
14: End (P95)

;1f [raw_my < last_nv], then do
15: If (X<=>Y) (P88)

1. 61 X Loc [ raw_nv ]
2: 4 <

3: 62 Y Loc [ last_nv ]
4: 30 Then Do

;Set raw mv(j) = raw nv(j-1)
16: Indirect Mve (P61)

1: 67 Source Loc [ jmnusl ]

2: 66 Destination Loc [ j ]
;Set j =) -1

17:  Z=X+F (P34)

1: 66 X Loc [ j ]

2: -1 F

3. 66 Z Loc [ ] ]

; End of case, [If raw nmv < last_nv]
18: End (P95)

; Set continue flag = 1
19: Z=F (P30)

1. 1 F
2: 00 Exponent of 10
3: 69 Z Loc [ continue ]

; End of case, [If insert flag = 0]
20: End (P95)

; End of case, [If j >= 2]
21: End (P95)



;1f [continue flag = 0], then do
22: If (X<=>F) (P89)

1: 69 X Loc [ continue ]
2: 1 =

3: 0 F

4. 31 Exit Loop if True

; End of loop to insert turbidity val ues
23:  End (P95)

:Set TURB_LOC = 61
24:  Z=F (P30)

1. 61 F
2: 00 Exponent of 10
3: 63 Z Loc [ TURB_LOC ]

;lnsert raw mv(j) = raw_nv
25: Indirect Myve (P61)

1. 63 Source Loc [ TURB LOC ]

2. 66 Destination Loc [ | ]

: End of subroutine 1
26: End (P95)

; SUBROUTINE 2 find nedian turbidity (mllivolts)
27: Begi nning of Subroutine (P85)
1. 2 Subroutine 2

: Take the nod 2 of k to see if there is an even or odd nunber of
;turbidity values that were read
28: Z=X MOD F (P46)

1: 65 X Loc [ k ]
2: 2 F
3: 70 Z Loc [ rem ]

;1f [remainder <> 0], then k is odd
29: |If (X<=>F) (P89)

1. 70 X Loc [ rem ]
2: 2 <

3: 0 F

4. 30 Then Do

;Set k =k +1
30: Z=zZ+1 (P32)

1: 65 Z Loc [ k ]

:Divide k in half to find the | ocati on which holds the nedi an val ue
31: Z=X*F (P37)
1. 65 X Loc [ Kk ]



2: .5 F
3: 71 Z Loc [ sourcel ]

;Add .5 to sourcel to round correctly (this takes care of possible
;floating point error)
32:  Z=X+F (P34)

1. 71 X Loc [ sourcel ]
2: .5 F
3: 71 Z Loc [ sourcel ]

; Take i nteger of sourcel

33:  Z=INT(X) (P45)
1. 71 X Loc [ sourcel ]
2: 71 Z Loc [ sourcel ]

:Set scratch location for MEDL
34: Z=F (P30)

1. 73 F
2: 00 Exponent of 10
3: 73 Z Loc [ MEDL ]

; Move nmedi an to tenporary |ocation addressed by MED1
35: Indirect Myve (P61)

1. 71 Source Loc [ sourcel ]

2: 73 Destination Loc [ MED1 ]

; Set med_nmv = MED1

36: Z=X (P31)
1. 73 X Loc [ MEDL 1
2: 76 Z Loc [ ned_nv ]

; End of case, [If remai nder <> 0]
37: End (P95)

;1f [remainder = 0], then k is even
38: If (X<=>F) (P89)

1: 70 X Loc [ rem ]
2: 1 =

3: 0 F

4: 30 Then Do

;Divide k by 2 to find the middl e val ue
39:  Z=X*F (P37)

1. 65 X Loc [ Kk ]
2: .5 F
3: 71 Z Loc [ sourcel ]

;Add .5 to sourcel to round correctly (this takes care of possible
;floating point error)
40: Z=X+F (P34)

1. 71 X Loc [ sourcel ]
2: .5 F
3. 71 Z Loc [ sourcel ]

; Take the integer of sourcel



41: Z=INT(X) (P45)
1. 71 X Loc [ sourcel ]
2: 71 Z Loc [ sourcel ]

;Set source2 = sourcel + 1
42: Z=X+F (P34)

1. 71 X Loc [ sourcel ]
2: 1 F
3: 72 Z Loc [ source2 ]

:Set scratch location for MEDL
43. Z=F (P30)

1. 73 F
2: 00 Exponent of 10
3: 73 Z Loc [ MEDL ]

:Set scratch location for MED2
44;: Z=F (P30)

1. 74 F
2: 00 Exponent of 10
3. 74 Z Loc [ MED2 ]

; Move first turbidity value into tenmporary storage |location 1
45: I ndirect Myve (P61)

1. 71 Source Loc [ sourcel ]

2: 73 Destination Loc [ MED1 ]

; Move second turbidity value into tenmporary storage |ocation 2
46: Indirect Myve (P61)

1. 72 Source Loc [ source2 ]

2: 74 Destination Loc [ MED2 ]

; Add the two turbidity val ues together
47: Z=X+Y (P33)

1. 73 X Loc [ MED1 ]
2: 74 Y Loc [ MED2 ]
3. 75 Z Loc [ sum ]

;Divide this sumby 2 to get the median val ue
48: Z=X*F (P37)

1. 75 X Loc [ sum ]
2: .5 F
3: 76 Z Loc [ med_nv ]

; End of case, [If remainder = 0]
49: End (P95)

: End of subroutine 2
50: End (P95)

; SUBROUTINE 3 wite data to nmenory
51: Begi nni ng of Subroutine (P85)
1. 3 Subroutine 3



; Set output flag high to wite data
52: Do (P86)
1: 10 Set Qutput Flag Hi gh (Flag 0)

;Site specific identifier (1 - 511)

53: Set Active Storage Area (P80)
1: 01 Fi nal Storage Area 1
2: 0001 Array ID

;Wites out time from datal ogger clock
54: Real Tine (P77)
1: 1120 (Same as 1220) Y, D, H/ M

; Wites out dunp nunber
55: Sanpl e (P70)
1: 1 Reps
2: 108 Loc [ dunp_cnt ]

:Wites out the nunber of bottles collected
56: Sanpl e (P70)

1: 1 Reps

2: 86 Loc [ bottle ]

; Wites out the threshold code
57. Sanpl e (P70)

1: 1 Reps

2: 101 Loc [ thr_code ]

; Wites out the sanple code
58: Sanpl e (P70)

1 1 Reps

2: 102 Loc [ snp_code ]

i Wites out the average stage
59: Sanpl e (P70)

1: 1 Reps

2: 78 Loc [ stage ]

;Wites out the nedian turbidity
60: Sanple (P70)

1: 1 Reps

2: 77 Loc [ nmed_turb ]

;1f [Flag 5 is high], then wite water tenp
61: If Flag/Port (P91)

1. 15 Do if Flag 5 is High

2: 30 Then Do

; Wites out water tenperature
62: Sanple (P70)

1: 1 Reps

2: 123 Loc [ wenp ]

; End of case [Flag 5 is high]
63: End (P95)



;1f [Flag 6 is high], then wite air tenp
64. |If Flag/Port (P91)

1: 16 Do if Flag 6 is High

2: 30 Then Do

;Wites out air tenperature
65: Sanpl e (P70)

1: 1 Reps

2: 192 Loc [ atenp ]

; End of case [Flag 6 is high]
66: End (P95)

;1f [Flag 7 is high], then wite rain
67. |If Flag/Port (P91)

1. 17 Do if Flag 7 is High

2: 30 Then Do

; Totals up the rainfall (inches)
68: Totalize (P72)

1: 1 Reps

2: 122 Loc [ rain ]

; End of case [Flag 7 is high]
69: End (P95)

; Send data to Storage Module, if connected
70: Serial Qut (P96)
1. 71 SML92/ SM716/ CSML

;Set old turb = ned _turb for next wakeup
71: Z=X (P31)

1. 77 X Loc [ med_turb ]

2: 91 Z Loc [ old_turb ]

;Goes to the end of programtable 1
72: Do (P86)
1: 0 Go to end of Program Table

: End of subroutine 3
73. End (P95)

; SUBROUTI NE 4 first interval above mi ni num stage
74: Begi nni ng of Subroutine (P85)

1. 4 Subroutine 4
;Set timer = interval - last_rsam
75. Z=X-Y (P35)
1: 95 X Loc [ interval ]
2: 97 Y Loc [ last_rsam]

3: 99 Z Loc [ tinmer ]



; Set scratchl = startl + 1, location of the first rising threshold
76: Z=X+F (P34)

1: 132 X Loc [ startl ]
2: 1 F
3: 130 Z Loc [ SCRATCH1L ]

; Set scratch2 = 134, this is the location of frst _rthr
77. Z=F (P30)

1. 134 F
2: 00 Exponent of 10
3: 131 Z Loc [ SCRATCH2 ]

; Place the first rising threshold into frst_rthr
78: Indirect Myve (P61)

1. 130 Source Loc [ SCRATCHL ]

2: 131 Destination Loc [ SCRATCHZ ]

;1f [timer >= 18], then 3 hours have passed
79: |If (X<=>F) (P89)

1. 99 X Loc [ tinmer ]
2. 3 >=

3: 18 F

4: 30 Then Do

;1f [med_turb >= frst_rthr], the turbidity is above the first rising
; threshol d
80: If (X<=>Y) (P88)

1. 77 X Loc [ nmed_turb ]
2: 3 >=

3: 134 Y Loc [ frst_rthr ]
4: 30 Then Do

;1f [snp_code = 0], then no threshold sanples have been taken
81: If (X<=>F) (P89)

1. 102 X Loc [ snp_code ]
2: 1 =

3: 0 F

4. 30 Then Do

Set snp_code for threshold sanpled
2:  Z=F (P30)
1

2.
3:

o -

F
0 Exponent of 10
02 Z Loc [ snp_code ]

= O M

83: Do (P86)

Call subroutine 6 to collect |SCO sanple
3.
1. 6 Call Subroutine 6

; End of case, [If snp_code = 0]

84: End (P95)



;Set last _rthr = 0
85: Z=F (P30)

1: 0 F

2: 00 Exponent of 10

3: 93 Z Loc [ last_rthr ]
;Set last_rsam = interva
86: Z=X (P31)

1. 95 X Loc [ interval ]
2: 97 Z Loc [ last_rsam]

; End of case, [med_turb >= frst _rthr]
87: End (P95)

; End of case, [tinmer >= 18]
88: End (P95)

;1f [last _rsam = 0], then do
89: If (X<=>F) (P89)

1. 97 X Loc [ last_rsam]
2. 1 =

3: 0 F

4: 30 Then Do

;1 f [med_turb >= frst_rthr], then turbidity is above the first rising
; threshol d
90: If (X<=>Y) (P88)

1. 77 X Loc [ nmed_turb ]
2: 3 >=

3: 134 Y Loc [ frst_rthr ]
4: 30 Then Do

;1f [snp_code = 0], then no threshold sanpl es have been taken
91: If (X<=>F) (P89)

1. 102 X Loc [ snp_code ]
2: 1 =

3: 0 F

4. 30 Then Do

Set snp_code for threshold sanpled
2:  Z=F (P30)
1

2.
3:

-

F
0 Exponent of 10
02 Z Loc [ snp_code ]

= O M

;Call subroutine 6 to collect |SCO sanple



93: Do (P86)
1. 6 Cal | Subroutine 6

; End of case, [If snp_code = 0]
94: End (P95)

;Set last _rthr = 0
95: Z=F (P30)

1: 0 F
2: 00 Exponent of 10
3: 93 Z Loc [ last_rthr ]

;Set last_rsam = interva
96: Z=X (P31)

1. 95 X Loc [ interval ]
2: 97 Z Loc [ last_rsam]

; End of case, [If nmed_turb >= frst_rthr]
97: End (P95)

; End of case, [If last_rsam = 0]
98: End (P95)

;Set tmax = med_turb
99: Z=X (P31)

1. 77 X Loc [ nmed_turb ]
2: 82 Z Loc [ tmax ]

;Set thr_code = 1 for rising threshold
100: Z=F (P30)

1. 1 F
2: 00 Exponent of 10
3: 101 Z Loc [ thr_code ]

;Call subroutine 5 to deternm ne next threshold
101: Do (P86)
1: 5 Cal|l Subroutine 5

;Call subroutine 3 to wite data to datal ogger nenory
102: Do (P86)
1. 3 Cal | Subroutine 3

: End of subroutine 4
103: End (P95)

; SUBROUTI NE 5 determine rising/falling thresholds



104: Begi nni ng of Subroutine (P85)
1. 5 Subroutine 5

:Set inbounds = 1
105: Z=F (P30)

1. 1 F
2: 00 Exponent of 10
3: 103 Z Loc [ inbounds ]

;1f [thr_code = 1], then thresholds are rising
106: |If (X<=>F) (P89)

1: 101 X Loc [ thr_code ]
2: 1 =

3: 1 F

4: 30 Then Do

; Set nextindex = startl, start of rising threshold array
107: z=X (P31)

1. 132 X Loc [ startl ]

2: 137 Z Loc [ nextindex ]

;Call subroutine 8 to determ ne the next threshold | ocation
108: Do (P86)
1. 8 Cal | Subroutine 8

; Loop through the threshold locations until conditions are met
109: Begi nning of Loop (P87)

1: 0000 Del ay

2: 0000 Loop Count

;1T [nextindex >= maxrindex], exit |oop
110: If (X<=>Y) (P88)

1. 137 X Loc [ nextindex ]
2. 3 >=

3: 135 Y Loc [ maxrindex ]
4: 31 Exit Loop if True

;1f [med_turb < next_thr], exit |oop
111: If (X<=>Y) (P88)

1. 77 X Loc [ med_turb ]
2: 4 <

3: 138 Y Loc [ next_thr ]
4: 31 Exit Loop if True

;I ncrenent nexti ndex
112: Z=Z+1 (P32)
1. 137 Z Loc [ nextindex ]

;Call subroutine 8 to deternmine the next threshold | ocation
113: Do (P86)
1. 8 Call Subroutine 8

; End of | oop
114: End (P95)



;Set thr = next _thr

115: Z=X (P31)

1. 138 X Loc [ next_thr ]
2: 85 Z Loc [ thr ]

; End of case, [If thr_code = 1], thresholds rising
116: End (P95)

;1f [thr_code = 2], then thresholds are falling
117: If (X<=>F) (P89)

1. 101 X Loc [ thr_code ]
2. 1 =

3: 2 F

4: 30 Then Do

; Set nextindex = start?2

118: Z=X (P31)
1: 133 X Loc [ start2 ]
2: 137 Z Loc [ nextindex ]

;Call subroutine 8 to determine the next threshold | ocation
119: Do (P86)
1. 8 Cal|l Subroutine 8

; Loop through the threshold locations until conditions are met
120: Begi nni ng of Loop (P87)

1: 0000 Del ay

2: 0000 Loop Count

;1 [nextindex >= maxfindex], exit |oop
121: If (X<=>Y) (P88)

1. 137 X Loc [ nextindex ]
2. 3 >=

3: 136 Y Loc [ maxfindex ]
4: 31 Exit Loop if True

; Find difference between next _thr and med turb
122: Z=X-Y (P35)

1. 138 X Loc [ next_thr ]
2: 77 Y Loc [ med_turb ]
3: 113 Z Loc [ diff ]

;1f [diff < 0], then ned _turb > next _thr
123: If (X<=>F) (P89)

1: 113 X Loc [ diff ]
2: 4 <
3: 0 F

4: 31 Exit Loop if True



;I ncrenent nexti ndex
124. Zz=zZ+1 (P32)
1: 137 Z Loc [ nextindex ]

;Call subroutine 8 to determine the next threshold | ocation
125: Do (P86)
1. 8 Cal | Subroutine 8

; End of | oop
126: End (P95)

; Set thr = next _thr

127: Z=X (P31)
1: 138 X Loc [ next_thr ]
2: 85 Z Loc [ thr ]

;1 [nextindex = maxfindex], then do
128: If (X<=>Y) (P88)

1. 137 X Loc [ nextindex ]
2: 1 =

3: 136 Y Loc [ maxfindex ]
4: 30 Then Do

; Set i nbounds =0

129: Z=F (P30)

1: 0 F

2: 00 Exponent of 10

3: 103 Z Loc [ inbounds ]

; End of case, [If nextindex = maxfindex]
130: End (P95)

; End of case, [If thr_code = 2], thresholds falling
131: End (P95)

:Set threshold counter = 0
132: Z=F (P30)

1. 0.0 F
2: 00 Exponent of 10
3. 84 Z Loc [ thr_count ]

: End of subroutine 5
133: End (P95)

; SUBROUTI NE 6 col |l ect and | SCO sanpl e
134: Begi nni ng of Subroutine (P85)



1. 6 Subroutine 6

;I ncrenent bottle counter
135: Z=Z+1 (P32)
1. 112 Z Loc [ bot_cnt ]

;I ncrenent next |1SCO counter
136: Z=Z+1 (P32)
1: 111 Z Loc [ nxt_bot ]

; Set bottle = bot_cnt (bottle nunbers are witen out
;only when they are collected, otherwi se they are recorded as 0)
137: Z=X (P31)

1: 112 X Loc [ bot_cnt ]

2. 86 Z Loc [ bottle ]

;1f [bottle < 25], then do
138: If (X<=>F) (P89)

1: 86 X Loc [ bottle ]
2: 4 <

3: 25 F

4: 30 Then Do

;1f [isco_ex = 0], then excite E2 (CR510, CR500, CR10)
139: If (X<=>F) (P89)

1. 189 X Loc [ isco_ex ]

2: 1 =

3: 0 F

4. 30 Then Do

; Pulse E2 to trigger |SCO

140: Excite-Delay (SE) (P4)

1: 1 Reps

2: 5 2500 nVv Sl ow Range

3: 4 SE Channel ; <-- no connection
4. 2 Excite all reps w Exchan 2
5: 10 Del ay (units 0.01 sec)

6: 2500 mv Excitation

7: 188 Loc [ dunmy ]

8: 1.0 Mul t

9: 0.0 O f set

; End case [If isco_ex = 0]
141: End (P95)

;1f [isco_ex = 1], then excite C2 (CRLOX)
142: |If (X<=>F) (P89)

1: 189 X Loc [ isco_ex ]
2: 1 =

3: 1 F

4: 30 Then Do

; Pulse Port 2 to trigger |SCO
143: Pul se Port w Duration (P21)
1. 2 Por t
2. 87 Pul se Length Loc [ del ay ]



; End of case [If isco_ex = 1]
144: End (P95)

; End of case, [If bottle < 25]
145: End (P95)

: End of subroutine 6
146: End (P95)

; SUBROUTINE 7 initialize variables
147: Begi nni ng of Subroutine (P85)

1. 7 Subroutine 7
148: Z=F (P30)

1. .4 F; <======== Enter m ni num st age
2: 00 Exponent of 10

3: 92 Z Loc [ mn_stg ]
149: Z=F (P30)

1: 0.7775 F <======== Enter nultiplier for
2: 00 Exponent of 10 ; the turbidity probe
3: 114 Z Loc [ turb_mult ]
150: Z=F (P30)

1. -11 F; <======== Enter offset for the
2: 00 Exponent of 10 ; turbidity probe

3: 115 Z Loc [ turb_off ]
151: Z=F (P30)

1: 2.3084 F ; <======== Enter nultiplier for
2: 00 Exponent of 10 ; t he pressure trans.
3: 116 Z Loc [ stg_mult ]

152: Z=F (P30)

1: -.334 F. <======== Enter offset for the
2: 00 Exponent of 10 ; pressure transducer
3: 117 Z Loc [ stg_off ]

153: Do (P86) ; <======== Cold Start (Il ow)

1. 24 Set Flag 4 Low ; Warm Start (high)
154: Do (P86) ; <======== Water tenp

1: 25 Set Flag 5 Low ; low --> not active
155: Do (P86) ; <======== Air tenp

1. 26 Set Flag 6 Low ; low --> not active
156: Do (P86) ; <======== Rai n gage

1. 27 Set Flag 7 Low ; low --> not active
157: Do (P86) ; <======== Turbi bity resolution

1. 28 Set Flag 8 Low ; | ow --> integer
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Z=F (P30) ; isco excite

0 F; <======== Set to 0 for CR510,

00 Exponent of 10 ; CR500, and CR10

189 Z Loc [ isco_ex 1 ; Set to 1 for CRLOX
Z=F (P30) ; <======== Cal cul at e di scharge

0 F; 0 --> not active

00 Exponent of 10 ; 1 --> active

193 Z Loc [ qcalc 1 ; Set next 2 instruct.

. Z=F (P30) ; <======== Enter multiplier for

68. 349 F; di scharge calc.

00 Exponent of 10 ; (F * stg**exp)

127 Z Loc [ q_mult ]

. Z=F (P30) ; <======== Ent er exponent for

1.677 F; di scharge calc.

00 Exponent of 10 ; (raise stg to power

128 Z Loc [ g_exp | held in F)
Z=F (P30)

0.1 F; <======== Enter value for the

00 Exponent of 10 ; reversal % fromrising

88 Z Loc [ revpctl 1 ; to falling threshol ds
Z=F (P30)

0.2 F; <======== Enter value for the

00 Exponent of 10 ; reversal % from

89 Z Loc [ revpct2 1 ; falling to rising
Z=F (P30)

2 F; <======== Enter # of intervals

00 Exponent of 10 ; before a reversa

96 Z Loc [ stay | or new threshold
Z=F (P30)

5 F; <======== Enter # of intervals

00 Exponent of 10 ; before isco is taken

104 ZLloc [ rev_wait ] ; within 2 sinilar

t hreshol d val ues

. Z=F (P30)
8 F; <======== Enter delay (0.01s)
00 Exponent of 10 ; that port #2 is high
87 Z Loc [ del ay | to trigger a punped
sampl e
Z=F (P30) ; <======== Enter the value to
5 F; coll ect a sanple when
00 Exponent of 10 ; > (tmax or tmn)*
110 Z Loc [ rev_val 1 reversal percentage
Z=F (P30) ; <======== nv tubidity Iimt
2500 F; above this val ue

00 Exponent of 10 ; sanpl es are coll ected



3: 190 Zloc [ mv limt ] ; at fixed tine
; intervals (limskip)

169: Z=F (P30) ; <======== Nurmber of intervals
1. 1 F; ski pped (not sanpl ed)
2: 00 Exponent of 10 ; bet ween sanpl es, when
3: 191 Zloc [ limskip 1 ; nv lint exceeded

;Initialize the dunp counter =1
170: Z=F (P30)

1. 1 F

2: 00 Exponent of 10

3: 108 Z Loc [ dunmp_cnt ]
;Set interval =0

171: Z=F (P30)

1: 0 F

2: 00 Exponent of 10

3: 95 Z Loc [ interval ]

; Set START1 = 140, this is the |location where the rising threshold
;array begins
172: Z=F (P30)

1. 140 F
2: 00 Exponent of 10
3: 132 Z Loc [ startl ]

; Set START2 = 160, this is the |location where the falling threshold
;array begins
173: Z=F (P30)

1: 160 F
2: 00 Exponent of 10
3: 133 Z Loc [ start2 ]

; Set maxrindex = START1, plus the nunber of rising threshol ds
174: Z=X+F (P34)

1. 132 X Loc [ startl ]
2: 11 F
3: 135 Z Loc [ maxrindex ]

; Set maxfindex = START2, plus the nunber of falling thresholds
175: Z=X+F (P34)

1: 133 X Loc [ start2 ]
2: 17 F
3: 136 Z Loc [ maxfindex ]

:Set bottle counter to O
176: Z=F (P30)

1. 0 F
2: 00 Exponent of 10
3: 112 Z Loc [ bot_cnt ]

; Set next | SCO counter to 1
177: Z=F (P30)
1. 1 F
2: 00 Exponent of 10
3: 111 Z Loc [ nxt_bot ]



:Set reversal counter =0
178: Z=F (P30)

1. 0 F
2: 00 Exponent of 10
3: 83 Z Loc [ rev_count ]

:Set threhold counter to O
179: Z=F (P30)

1: 0.0 F
2: 00 Exponent of 10
3. 84 Z Loc [ thr_count ]

:Set inbounds = 1
180: Z=F (P30)

1. 1 F
2: 00 Exponent of 10
3: 103 Z Loc [ inbounds ]

;Set last_rsam= 0
181: Z=F (P30)

1: 0 F
2: 00 Exponent of 10
3: 97 Z Loc [ last_rsam]

;Set last_fsam= 0
182: Z=F (P30)

1: 0 F
2: 00 Exponent of 10
3: 98 Z Loc [ last_fsam]

;Set last _rthr =0
183: Z=F (P30)

1. 0 F
2: 00 Exponent of 10
3: 93 Z Loc [ last _rthr ]

;Set last _fthr = 0
184: Z=F (P30)

1: 0 F
2: 00 Exponent of 10
3. 94 Z Loc [ last _fthr ]

;Enter in the Rising threshold val ues, maxi num of 16 val ues
185: Bul k Load (P65)
0
20 F
77 F
170 F
300 F
F
F
F
L

T

467
670
910
140

CoNoaRkwhR

oc [ up_1 ]



86: Bul k Load (P65)
1. 1187

2: 1500
3: 1850
4: 9999
5. 0.0
6: 0.0
7: 0.0
8: 0.0
9: 148

rTmmmmTmTmTTTmT

;Enter in the Falling threshold val ues, maxi num of 24
187: Bul k Load (P65)

: 1900 F
1698 F
1507 F
1328 F
1160 F
1004 F
858 F
724 F
160 L

COoNTR®WNE

oc [ dn_1 ]

53

Bul k Load (P65)
602
491 F
391 F
302 F
225 F

F
F
F
L

n

159
105
62

168

CONOORWN RO

oc [ dn_9 ]

©
rooOoOOOOOW

~

Bul k Load (P65)

o

N>R WN R
co0oO0O0O0O0O
CTTTATNTT

oc [ dn_17 ]

: End of subroutine 7
190: End (P95)




: SUBROUTINE 8 find the next threshold | ocation
191: Begi nni ng of Subroutine (P85)
1. 8 Subroutine 8

:Set scratchl = nextindex, this is the threshold |ocation
192: Z=X (P31)

1. 137 X Loc [ nextindex ]

2: 130 Z Loc [ SCRATCHLI ]

; Set scratch2 = 138, this is the location of next_thr
193: Z=F (P30)

1. 138 F
2: 00 Exponent of 10
3: 131 Z Loc [ SCRATCH2 ]

; Place threshold into next_thr
194: Indirect Myve (P61)
1: 130 Source Loc [ SCRATCHL ]
2: 131 Destination Loc [ SCRATCH2 ]

: End of subroutine 8
195: End (P95)

; SUBROUTI NE 9 control sanpling above turbidity nv_limt

196: Begi nni ng of Subroutine (P85)
1. 9 Subroutine 9

;1f [thr_code = 2], then thresholds are falling
197: If (X<=>F) (P89)

1. 101 X Loc [ thr_code ]
2: 1 =

3 2 F

4. 30 Then Do

;Set thr_code = 1 (rising)
198: Z=F (P30)

1. 1 F
2: 00 Exponent of 10
3: 101 Z Loc [ thr_code ]

;Set tmax = med_turb
199: z=X (P31)

1. 77 X Loc [ med_turb ]
2: 82 Z Loc [ tmax ]

;Set rev_count =0
200: Z=F (P30)

1: 0 F
2: 00 Exponent of 10
3: 83 Z Loc [ rev_count ]

;Call subroutine 5 to determ ne nmax threshol d



201: Do (P86)
1: 5 Cal | Subroutine 5

; End of case [if thr_code = 2]
202: End (P95)

; Find difference between interval and |ast_sam
203: Z=X-Y (P35)

1. 97 X Loc [ last_rsam]
2: 95 Y Loc [ interval ]
3: 113 Z Loc [ diff ]

;Add limskip to diff
204: Z=X+Y (P33)

1. 113 X Loc [ diff ]
2: 191 Y Loc [ limskip ]
3: 113 Z Loc [ diff ]

;1f [diff < 0], then interval > last_rsam + |imskip]
205 If (X<=>F) (P89)

1: 113 X Loc [ diff ]
2. 4 <

3: 0 F

4: 30 Then Do

Find difference between interval and | ast_fsam
206: Z=X-Y (P35)

1: 98 X Loc [ last_fsam]
2: 95 Y Loc [ interval ]
3: 113 Z Loc [ diff ]

;Add limskip to diff
207: Z=X+Y (P33)

1: 113 X Loc [ diff ]
2: 191 Y Loc [ limskip ]
3: 113 Z Loc [ diff ]

;1f [diff < 0], then interval > last_fsam + |imskip]
208: If (X<=>F) (P89)

1. 113 X Loc [ diff ]
2. 4 <

3: 0 F

4: 30 Then Do

; Set snp_code = 5 (overfl ow sanpl e)
209: Z=F (P30)

1. 5 F
2: 00 Exponent of 10
3: 102 Z Loc [ snp_code ]

;Call subroutine 6 to collect |SCO sanple
210: Do (P86)
1. 6 Call Subroutine 6

; Set last_rsam = interval
211: Z=X (P31)
1. 95 X Loc [ interval ]



2. 97 Z Loc [ last_rsam]

;Set rev_count =0
212: Z=F (P30)

1: 0 F
2: 00 Exponent of 10
3: 83 Z Loc [ rev_count ]

; End of case [If interval > last_fsam+ |imskip]
213: End (P95)

; End of case [If interval > last_rsam+ |imskip]
214: End (P95)

: End of subroutine 9
215: End (P95)

; SUBROUTI NE 79 t hreshol d sanpl es.
216: Begi nning of Subroutine (P85)
1: 79 Subroutine 79

;1f [snp_code = 0], then no | SCO sanpl es have been taken
217 If (X<=>F) (P89)

1: 102 X Loc [ snp_code ]
2: 1 =

3: 0 F

4: 30 Then Do

; Set snp_code = 1 for threshold sanpl ed
218: Z=F (P30)

1. 1 F
2: 00 Exponent of 10
3: 102 Z Loc [ snp_code ]

;Call subroutine 6 to take |1 SCO sanpl e
219: Do (P86)
1. 6 Cal | Subroutine 6

; End of case, [If snp_code = 0]
220: End (P95)

;1f [snp_code = 3], then AUX was al ready sel ected
221: If (X<=>F) (P89)

1: 102 X Loc [ snp_code ]
2: 1 =

3: 3 F

4: 30 Then Do

; Set sanple code = 1 (overide sanple code 3)
222: Z=F (P30)

1. 1 F

2: 00 Exponent of 10

3: 102 Z Loc [ snp_code ]



; End of case, [If sanple code = 3]
223: End (P95)

;1f [thr_code = 1], condition is rising
224: 1f (X<=>F) (P89)

1. 101 X Loc [ thr_code ]
2. 1 =

3: 1 F

4: 30 Then Do

; Set last_rsam = interval

225: Z=X (P31)
1: 95 X Loc [ interval ]
2: 97 Z Loc [ last_rsam]

;Set last _rthr = thr

226: Z=X (P31)

1: 85 X Loc [ thr ]
2: 93 Z Loc [ last _rthr ]

; End of case [If thr_code = 1]
227: End (P95)

;1f [thr_code = 2], condition is falling
228: |If (X<=>F) (P89)

1. 101 X Loc [ thr_code ]
2. 1 =

3: 2 F

4: 30 Then Do

; Set last_fsam = interval

229: Z=X (P31)
1: 95 X Loc [ interval ]
2: 98 Z Loc [ last_fsam]

;Set last _fthr = thr

230: Z=X (P31)

1: 85 X Loc [ thr ]
2: 94 Z Loc [ last _fthr ]

; End of case [If thr_code = 2]
231: End (P95)

: End of subroutine 79
232: End (P95)

End Program

| nput Locati ons-
100

100
100

WN P!



raw_nv

| ast _nv
TURB_LCC
LAST_LOC
k

.

j mnusl

i nsert
conti nue
rem
sourcel
sour ce2
MED1
MVED2

sum
med_mv
med turb
st age
tot_stg
avg_stg
tmn
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rev_count
t hr _count
t hr
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revpctl
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93

94

95

96

97

98

99

100
101
102
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104
105
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107
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122
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126
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128
129
130
131
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133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149

last_rthr
last_fthr
i nterval
st ay
| ast _rsa
| ast _fsa
tinmer
rev_mult
thr _code
snp_code
i nbounds
rev_wait
rev_inter
fthr
rthr
dunp_cnt
prob_tine
rev_val
nxt bot
bot cnt
diff
turb_mult
turb_off
stg_mult
stg_off

m
m

tenp_of f

rain

wt enmp

bat volt
raw_stg

n

g_mul t
q_exp
g_prod
SCRATCH1
SCRATCH2
startl
start?2
frst_rthr
maxri ndex
maxf i ndex
nexti ndex
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up_2

up_3

up_4

up_5

up_6

up_7

up_8

up_9
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150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206

up_11
up_12
up_13
up_14
up_15
up_16

dn_1

dn_2
dn_3
dn_4
dn_5
dn_6
dn_7
dn_8
dn_9
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