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STATEMENT OF WORK
Lithium Ion Cell Testing for AHPS

1.0
GENERAL

This document provides the statement of work (SOW) for Moli 18650 Li-Ion cell testing for the Space Shuttle Orbiter Advanced Hydraulic Power System (AHPS, formerly known as EAPU). It also provides options for evaluating an 18650 cell from Sanyo. Period of performance for this effort shall be nine months after award of contract.

2.0
OBJECTIVE

Objective is to obtain data needed to evaluate the Moli ICR18650I cell performance and complete sizing analysis of a battery for the AHPS upgrade per the End Item Specification for Small Cell Battery for the Orbiter Electric Auxiliary Power Unit, Rev F. As a result of past efforts with the Sony 18650 HC cell, it was believed that one EAPU battery would require an 82S by 92P array of cells to meet all the EAPU performance requirements. Due to the low cycle life requirement, the Sony cell was charged to 4.4V/cell, hence 82 series cells for 360V maximum voltage requirement. The main objective of this effort is to determine if these requirements can be met with the Moli cell with less cell mass. Therefore, no more than 86 cells in series should be considered for the Moli cell approach.

3.0
SCOPE OF EFFORT

The contractor shall provide all materials, tooling, test equipment, test facilities, labor, and subcontractors required to complete the development and testing.  The test matrix shows a need of 132 Moli cells minimum. NASA will provide 136 Moli cells to the contractor 2 weeks after receipt of order.  Options are included herein to perform similar testing on Sanyo cells.

4.0
TASK BREAKDOWN

The contractor shall perform the tests described in the tables below. Unless otherwise specified charge termination shall occur after current tapers to below 50 mA per cell.

Test Article:
2.4 Ah Lithium ion cell from e-Moli (model number ICR-18650I).  

Test 1 – Receiving Inspection and Test

Purpose:  Document initial conditions for each cell, stabilize cell performance characteristics following vendor formation cycles, and baseline initial performance.

	Test No.
	Cell
	Test Name
	Description

	1a
	All cells
	Cell Identification
	Serialize each of the cells.

	1b
	All cells
	Cell Weight
	Measure and record weight of each cell to (0.005 g.

	1c
	All cells
	Cell Volume
	Measure and record height and radius of each cell to (0.05 mm.

	1c
	All cells
	PTC Cold Resistance
	Set each cell at 25 ( 2 degC.  Measure and record resistance across PTC for each of the cells to (0.005(.  This involves inserting a probe through the cell vent holes.

	1d
	All cells
	Stabilization Cycles
	CV Charge to 4.2 VDC with C/5 current limit and terminate at 50 mA.  Set Cell at 25 ± 2 degC.  Discharge from 4.2 to 2.5 VDC.  2.59 watt Constant Power Profile.  Repeat for a total of 3 cycles with each cell.


Parameters to be recorded:  Cell Voltage and Current

Test 2 – Capacity and Resistance Performance

Purpose:  Determine capacity & resistance trends with temperature & charge/discharge cycles

	Test No.
	Cell
	Test Name
	Description

	2a
	1,2,3
	Capacity and Resistance Test Ambient
	Charge to 4.2 VDC.  Set Cell at 25 ± 2 degC.  Discharge from 4.2 to 2.5 VDC.  2.59 watt Constant Power Profile with a 20W, 3s Pulse Every 6 minutes.

	2b
	4,5,6
	Capacity and Resistance Test Hot
	Same at Test 1, But Warm Cell to 65 ± 2 deg C Prior to Start of Discharge

	2c
	7,8,9
	Capacity and Resistance Test Cold
	Same at Test 1, But Cool Cell to 10 ± 2 deg C Prior to Start of Discharge

	2d
	1
	Capacity and Resistance Cycle Test Ambient
	Repeat 2a until a total of 30 cycles reached.


Parameters to be recorded:  Cell Voltage, Current, and Temperature

Test 3,4 - Cell PTC Trip Time vs Current and Temperature

Purpose:  Characterize trip time vs current for various cell temperatures.

	Test No.
	Cell
	Test Name
	Description

	3a
	1,2,3
	PTC Trip Time 
	Charge to 4.2 VDC.  Set Cell at 25 ± 2 degC.  Apply Short Circuit of Resistance A and Determine Trip Time.

	3b
	7,8,9
	PTC Trip Time 
	Same as Previous, But Resistance B

	3c
	10,11,12
	PTC Trip Time
	Same as Previous, But Resistance C

	3d
	13,14,15
	PTC Trip Time 
	Same as Previous, But Resistance D

	3e
	16,17,18
	PTC Trip Time
	Charge to 50% SOC.  Set Cell at 25 ± 2 degC.  Apply Short Circuit of Resistance A and Determine Trip Time.

	4a
	19,20,21
	PTC Trip Time Hot
	Charge to 4.2 VDC.  Set Cell at 70 ± 2 deg C.  Apply Short Circuit of Resistance A and Determine Trip Time.

	4b
	21,23,24
	PTC Trip Time Hot
	Same as Previous, But Resistance B

	4c
	25,26,27
	PTC Trip Time Hot
	Same as Previous, But Resistance C

	4d
	28,29,30
	PTC Trip Time Hot
	Same as Previous, But Resistance D


Resistance A = Hard Short (< 50 mohms)

Resistance B = TBD ohms (> hard short)

Resistance C = TBD ohms (> hard short)

Resistance D = TBD ohms (> hard short)
Parameters to be recorded:  Cell Voltage, Current, and Temperature

Test 5,6,7 – Mission PTC Trip Temperature Evaluation

Purpose:  Determine if Moli cell has margin in PTC activation for the hot mission case.  The temperature for PTC activation during a mission profile must be determined to accomplish this. 
	Test No.
	Cell
	Test Name
	Description

	5
	Moli – 31,32,33
	Mission Test Ambient
	Charge to 4.2 VDC.  Discharge Per Ascent Portion of Mission Profile (62P equivalent).  Set Cell at 25 ± 2 degC. Discharge Per Descent Portion of Mission Profile (62 P equivalent).

	6
	Moli – 34,35,36
	Mission Test Hot

(trip point)
	Charge to 4.2 VDC.  Discharge Per Ascent Portion of Mission Profile (62P equivalent).  Set Cell at 70 ± 2 deg C. Discharge Per Descent Portion of Mission Profile (62 P equivalent).

	7a
	Moli – 37,38,39
	Mission Test Hot

(trip point)
	If PTC trips in previous test, decrease temp and repeat.  

If PTC does not trip in previous test, increase temp and repeat

	7b
	Moli – 40,41,42
	Mission Test Hot

(trip point)
	If PTC trips in previous test, decrease temp and repeat.  

If PTC does not trip in previous test, increase temp and repeat

	7c,d,e
	Moli – 43 thru 51
	Mission Test Hot

(trip point)
	Repeat until trip point is known within 5 deg C.


Note that 62P scaling is a suggestion, however, an alternative starting point can be used with NASA approval.

Parameters to be recorded:  Cell Voltage, Current, and Temperature.  Also, perform tests with a probe stuck through a vent hole to measure the voltage across the PTC to provide data on the heating power generated by the PTC as well as cell-to-cell variation of PTC resistance
Test 8 – Hot Temperature PTC Trip for Battery Sizing 

Purpose:  Determine if Moli cell has margin in PTC activation for the hot mission case and how many parallel strings are needed to prevent PTC tripping.  The 99-minute total mission profile is listed in Table A for an entire EAPU battery. The ascent portion is 36 minutes long and descent is the remaining 63 minutes. The cell level power level must be scaled from this table assuming a maximum of 86 cells in series.
	8a
	52,53,54
	Mission Test Hot
	Charge to 4.2 VDC.  Discharge Per Ascent Portion of Mission Profile (62P equivalent).  Set Cell at 70 ± 2 deg C.  Discharge Per Descent Portion of Mission Profile (62 P equivalent).

	8b
	55,56,57
	Mission Test Hot
	If PTC trips in previous test, repeat above with a 66 P profile.

If PTC does not trip in previous test, repeat above test with a 58P profile

	8c
	58,59,60
	Mission Test Hot
	If PTC trips in previous test, repeat above with a 70 P profile.

If PTC does not trip in previous test, repeat above test with a 54P profile

	8 d,e,f
	61 thru 69
	Mission Test Hot
	Repeat until the threshold (number of parallel strings) is known


Parameters to be recorded:  Cell Voltage, Current, and Temperature
Note that 62P scaling is a suggestion, however, an alternative starting point can be used with NASA approval.

Test 9 - Cell PTC Withstanding Voltage

Purpose:  Characterize voltage capability of the Moli cell PTC. 

	Test No.
	Cell
	Test Name
	Description

	9a
	70,71,72
	PTC Withstanding Voltage
	Charge to 4.2 VDC.  Place cell in series with DC power supply limited to 15A and set it at 25 VDC.  Apply hard short (< 50 mohms) and monitor for PTC activation.

	9b
	73,74,75
	PTC Withstanding Voltage
	Repeat Previous Test at 32 VDC

	9c
	76,77,78
	PTC Withstanding Voltage
	If PTC trips nominally in previous test, increase power supply voltage and repeat.

If PTC trips abnormally in previous test, decrease power supply voltage and repeat

	9 d,e
	79 thru 84
	PTC Withstanding Voltage
	Repeat until voltage threshold is known within 4 VDC


Parameters to be recorded:  Cell Voltage, Current, and Temperature. Note that starting temperature is 25 ( 5 (C.

Test 10 – Cell Self Discharge and Crimp Seal Leakage

Purpose:  Characterize self-discharge as a function of temperature and state of charge and evaluate electrolyte leakage across the crimp seal.

	Test No.
	Cell
	Test Name
	Description

	10a
	85,86,87
	Thermal Cycle
	Charge cells to 4.2 VDC.  Subject cells to thermal cycle profile shown below

	10b
	85,86,87
	Vibration
	Charge cells to 4.2 VDC.  Subject cells to the following random vibration profile


20 - 40 hz   
+3.01 db/octave 


40 - 600 hz 
Constant at .03 G2 / Hz


600 – 2000 hz
-6.20 db/octave

Overall   =  5.43 grms
Duration = 144 seconds for each axis

	10c
	85,88,89,90
	Self Discharge, 

25 ( 2 (C
	Set Cells (1 ea) at 100%, 80%, 40%, and 10% SOC (prelaunch, orbit, post landing). Store cells in a bag with desicant at 25 ± 2 degC for 91 days. Measure OCV at 0, 7, 14, 28, 56, & 91 days.  Measure weight before & after setting SOC and before & after each OCV measurement at 25 ( 2 (C.

	10d
	86,91,92,93
	Self Discharge, 

40 ( 2 (C
	Same as above, but store at 40 ± 2 deg C.

	10e
	87,94,95,96
	Self Discharge, 

70 ( 2 (C
	Same as above, but store at 70 ± 2 deg C.

	10f
	97,98,99
	Self Discharge, 

0 ( 2 (C
	Same as above, but 10% SOC only and store at 70 ± 2 deg C.

	10g
	85 thru 99
	Capacity and Resistance Final
	Discharge each cell to 2.5 VDC.  Repeat charge/discharge cycle of 1d for a single cycle.


Parameters to be recorded:  Cell Voltage, Current, and Temperature.  Weight must be measured to ± 0.5 mg.  Extreme care must be taken during other operations to prevent cell mass change due to handling operations.

Thermal Cycle Profile
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Test 11 - Cell Overcharge

Purpose:  Evaluate ability for cell to withstand various overcharge conditions.

Note that starting temperature is 25 ( 5 (C.

	Test No.
	Cell
	Test Name
	Description

	11a
	100,101,102
	5 Volt Overcharge
	Charge three cells to 4.5 V using a current of 1.2 A.  Maintain the voltage for two hours or until an occurrence cuts off the current.  If nothing occurs continue charge on the same cells to 5.0 V using a current of 1.2 A.  Maintain the voltage for twelve hours or until an occurrence cuts off the current.  Discharge any good cells to calculate the capacity retained

	11b
	103,104,105
	12 V Limit Overcharge
	Charge three fully charged cells with a current of 1.2 A and a voltage limit of 12 V for 3 hr.  Discharge any good cells to calculate the capacity retained. 

	11c
	106 thru 111
	12 V Limit Overcharge at Other Current
	Repeat ‘11b’ on two cells each with a current of 0.6 A, 2.4 A and 4.8 A.  Discharge any good cells to calculate the capacity retained. 

	11d
	112,113,114
	High Rate Charge
	Charge three cells with a 3 C current of 7.2 A to 4.2 V.  If nothing occurs, convert to constant voltage and complete charge at constant voltage until the current falls off to about 50 mA.  Discharge any good cells to calculate the capacity retained.


Parameters to be recorded:  Cell Voltage, Current, and Temperature

Test 12 – Cell Over-Discharge

Purpose:  Evaluate ability for cell to withstand various over-discharge and reversal conditions.

Note that starting temperature is 25 ( 5 (C.

	Test No.
	Cell
	Test Name
	Description

	12a
	115,116,117
	Slow Rate Discharge
	Charge cells to 4.2 VDC.  Discharge at 1.2 A current to 2.5 V/cell, hold at that voltage for 60 minutes, continue discharge to 2.0 V, hold at that voltage for 60 minutes, continue discharge to 1.0 V, and hold at that voltage for 60 minutes.  Perform a charge/discharge cycle (4.2 to 2.8 VDC).  Discharge to 0 V and then take further into reversal by discharging 150 % of the 1C capacity.  Hold at that voltage for at least two hours.  If there are no occurrences, perform one charge/discharge cycle to verify functionality of cells after reversal.

	12b
	118,119,120,121
	Medium Rate Discharge
	Repeat ‘12a’ with a discharge current of 2.4 A and 4.8 A with two cells for each discharge current.

	12c
	122,123,124
	High Rate Discharge
	Charge cells to 4.2 VDC.  Discharge at a 3 C current of 7.2 A to 0 V/cell.  If there are no occurrences, perform one charge/discharge cycle.


Parameters to be recorded:  Cell Voltage, Current, and Temperature

Test 13 – Cell Internal Short Circuit

Purpose:  Evaluate ability for cell to withstand a simulated internal short.

Note that starting temperature is 25 ( 5 (C.

	Test No.
	Cell
	Test Name
	Description

	13
	125,126,127
	Internal Short Circuit @ 100% SOC
	Charge cells to 4.2 VDC.  Perform crush test at the center of the length of the cell (away from terminals).  The crush can be performed with a ¼” or 1/8” non-metallic rod placed crossways to the cell axis, to cause deformation without penetration.  (Monitor OCV of cells.  Occurrence of internal short accompanied by visible physical changes, suspicion of venting or fire / explosions shall be reported.)


Parameters to be recorded:  Cell Voltage, Current, and Temperature

Test 14 – Cell Destructive Physical Analysis

Purpose:  Evaluate ability for cell to withstand a simulated internal short

	Test No.
	Cell
	Test Name
	Description

	14a
	128,129
	DPA Cell
	Cut apart a cell to inspect / photograph internal components (PTC, CID, Crimp Seal, ect).  Also capture liquid electrolyte and complete analysis of composition.

	14b
	130,131,132

and cells from Test 2
	Cell Vent / Burst Pressure
	Slowly pressurize cell case to determine vent activation pressure and burst pressure of the crimp seal.


Sizing Analysis

The purpose of the sizing analysis is to determine the smallest size battery (in terms of # of cells) that could meet the AHPS power and energy requirements defined the tabular profile herein and in Rev F of the EAPU specification. No allowance for failure tolerance or reliability failures should be included in the sizing estimate. Assume that the worst case hot mission temperature profile for the battery dictates that the worst case hot descent starting temperature is 60 degC and the battery will have to discharge adiabatically. Previous calorimetric measurements on similar lithium ion 18650 cells determined that cell heat capacity is 0.216 cal/g/C.

5.0 OPTION 1 

The contractor shall procure at least 200 Sanyo 2.2Ah 18650 (Model #UR18650F) cells, perform all the tests specified in section 4.0 herein, complete a battery sizing analysis, and deliver 50 cells (that have only been subjected to Test 1) to JSC. This option would only be exercisable at the same time as the basic contract award. Cell delivery shall be within 16 weeks ARO. The results of the Sanyo tests shall be added to the test report deliverable, whose delivery date requirement is unchanged.

6.0 OPTION 2

The contractor shall procure at least 200 Sanyo 2.2Ah 18650 (Model #UR18650F) cells, perform Tests 1-10, specified in section 4.0 herein, complete a battery sizing analysis, and deliver 80 cells (that have only been subjected to Test 1) to JSC. This option would only be exercisable at the same time as the basic contract award. Cell delivery shall be within 16 weeks ARO. The results of the Sanyo tests shall be added to the test report deliverable, whose delivery date requirement is unchanged.
7.0 OPTION 3

The contractor shall procure at least 200 Sanyo 2.2Ah 18650 (Model #UR18650F) cells, perform Tests 1-9, specified in section 4.0 herein, complete a battery sizing analysis, and deliver 95 cells (that have only been subjected to Test 1) to JSC. This option would only be exercisable at the same time as the basic contract award. Cell delivery shall be within 16 weeks ARO. The results of the Sanyo tests shall be added to the test report deliverable, whose delivery date requirement is unchanged.
8.0 DELIVERABLES

A test report with data package shall be provided to document testing method and results.  Data package shall include pertinent plots of voltage, current, temperature, and capacity. This report shall also include a sizing analysis that determines the minimum array of cells that would meet the EAPU performance requirements. This will be due within 9 months after contract award. 

9.0 TEST REPORT CONTENT

The test report shall contain the following as a minimum:

a.  Identification of the end item being certified, including serial number or lot designation, where applicable.

b.  Description of the test activity in sufficient detail so that the report does not require reference to the relevant procedure.  Suitable explanations shall be provided for cases where the actual activity differed from the governing procedure.

c.  Identification and tabulation of the specific test requirements being satisfied.

e.  Discussion of the actual results.

f.  For each test:

1.  Identification of the parameters measured including the frequency and extent of functional evaluations.

2.  Detailed description of the test apparatus and instrumentation, including manufacturer, model number, serial number and calibration status. Details of test set-up particularly when critical to cell performance.

3.  Descriptions of failures encountered or retest performed with reference to appropriate failure/problem reports, analyses, and corrective action taken.

4.  Reporting of the data, including any calculations used to determine compliance with specification requirements.

5.  Post-test analysis and evaluation of the data.

Table A. Worst Case Power Profile for EAPU Battery.

	
	Program
	Time
	Time
	Time
	
Power

	Energy

	
	Step
	minutes
	seconds
	Step duration
	kW
	kWHr

	
	1
	0
	0.0
	0
	0.0
	0

	
	 
	 
	0.0
	 
	0.0
	 

	First Ascent Step
	2
	0
	0.0
	365
	18
	0.00

	
	 
	 
	365.0
	 
	18
	 

	
	3
	6.083333
	365.0
	1
	43.09
	1.83

	
	 
	 
	366.0
	 
	43.09
	 

	
	4
	6.1
	366.0
	4
	17.42
	1.84

	
	 
	 
	370.0
	 
	17.42
	 

	
	5
	6.166667
	370.0
	1
	43.19
	1.86

	
	 
	 
	371.0
	 
	43.19
	 

	
	6
	6.183333
	371.0
	4
	17.42
	1.87

	
	 
	 
	375.0
	 
	17.42
	 

	
	7
	6.25
	375.0
	1
	43.19
	1.89

	
	 
	 
	376.0
	 
	43.19
	 

	
	8
	6.266667
	376.0
	4
	17.42
	1.90

	
	 
	 
	380.0
	 
	17.42
	 

	
	9
	6.333333
	380.0
	1
	43.09
	1.92

	
	 
	 
	381.0
	 
	43.09
	 

	
	10
	6.35
	381.0
	14
	17.42
	1.93

	
	 
	 
	395.0
	 
	17.42
	 

	
	11
	6.583333
	395.0
	2
	50.75
	2.00

	
	 
	 
	397.0
	 
	50.75
	 

	
	12
	6.616667
	397.0
	5
	17.42
	2.03

	
	 
	 
	402.0
	 
	17.42
	 

	
	13
	6.7
	402.0
	2
	50.75
	2.05

	
	 
	 
	404.0
	 
	50.75
	 

	
	14
	6.733333
	404.0
	1
	17.42
	2.08

	
	 
	 
	405.0
	 
	17.42
	 

	
	15
	6.75
	405.0
	2
	50.75
	2.08

	
	 
	 
	407.0
	 
	50.75
	 

	
	16
	6.783333
	407.0
	5
	17.47
	2.11

	
	 
	 
	412.0
	 
	17.47
	 

	
	17
	6.866667
	412.0
	2
	50.75
	2.14

	
	 
	 
	414.0
	 
	50.75
	 

	
	18
	6.9
	414.0
	180
	17.47
	2.16

	
	 
	 
	594.0
	 
	17.47
	 

	
	19
	9.9
	594.0
	2
	31.87
	3.04

	
	 
	 
	596.0
	 
	31.87
	 

	
	20
	9.933333
	596.0
	1
	78.35
	3.06

	
	 
	 
	597.0
	 
	78.35
	 

	
	21
	9.95
	597.0
	1
	34.67
	3.08

	
	 
	 
	598.0
	 
	34.67
	 

	
	22
	9.966667
	598.0
	1
	79.25
	3.09

	
	 
	 
	599.0
	 
	79.25
	 

	
	23
	9.983333
	599.0
	1
	33.606
	3.11

	
	 
	 
	600.0
	 
	33.606
	 

	
	24
	10
	600.0
	62
	21.146
	3.12

	
	 
	 
	662.0
	 
	21.146
	 

	
	25
	11.03333
	662.0
	1
	63.45
	3.48

	
	 
	 
	663.0
	 
	63.45
	 

	
	26
	11.05
	663.0
	63
	26.637
	3.50

	
	 
	 
	726.0
	 
	26.637
	 

	
	27
	12.1
	726.0
	1
	100.6
	3.97

	
	 
	 
	727.0
	 
	100.6
	 

	
	28
	12.11667
	727.0
	229
	26.018
	3.99

	
	 
	 
	956.0
	 
	26.018
	 

	
	29
	15.93333
	956.0
	2
	49.11
	5.65

	
	 
	 
	958.0
	 
	49.11
	 

	
	30
	15.96667
	958.0
	425
	22
	5.68

	
	 
	 
	1383.0
	 
	22
	 

	
	31
	23.05
	1383.0
	1
	45.978
	8.27

	
	 
	 
	1384.0
	 
	45.978
	 

	
	32
	23.06667
	1384.0
	1
	115
	8.29

	
	 
	 
	1385.0
	 
	115
	 

	
	33
	23.08333
	1385.0
	2
	45.597
	8.32

	
	 
	 
	1387.0
	 
	45.597
	 

	
	34
	23.11667
	1387.0
	2
	38.079
	8.34

	
	 
	 
	1389.0
	 
	38.079
	 

	
	35
	23.15
	1389.0
	414
	24
	8.37

	
	 
	 
	1803.0
	 
	24
	 

	Last Ascent Step
	36
	30.05
	1803.0
	357
	12
	11.13

	
	 
	 
	2160.0
	 
	12
	 

	First Descent Step
	37
	36
	2160.0
	71
	37.208
	12.32

	
	 
	 
	2231.0
	 
	37.208
	 

	
	38
	37.18333
	2231.0
	39
	13.308
	13.05

	
	 
	 
	2270.0
	 
	13.308
	 

	
	39
	37.83333
	2270.0
	1
	89.29
	13.19

	
	 
	 
	2271.0
	 
	89.29
	 

	
	40
	37.85
	2271.0
	11
	12.823
	13.22

	
	 
	 
	2282.0
	 
	12.823
	 

	
	41
	38.03333
	2282.0
	3
	89.29
	13.26

	
	 
	 
	2285.0
	 
	89.29
	 

	
	42
	38.08333
	2285.0
	15
	12.821
	13.33

	
	 
	 
	2300.0
	 
	12.821
	 

	
	43
	38.33333
	2300.0
	1
	89.29
	13.39

	
	 
	 
	2301.0
	 
	89.29
	 

	
	44
	38.35
	2301.0
	14
	12.794
	13.41

	
	 
	 
	2315.0
	 
	12.794
	 

	
	45
	38.58333
	2315.0
	1
	89.29
	13.46

	
	 
	 
	2316.0
	 
	89.29
	 

	
	46
	38.6
	2316.0
	29
	12.568
	13.48

	
	 
	 
	2345.0
	 
	12.568
	 

	
	47
	39.08333
	2345.0
	1
	89.29
	13.59

	
	 
	 
	2346.0
	 
	89.29
	 

	
	48
	39.1
	2346.0
	14
	12.794
	13.61

	
	 
	 
	2360.0
	 
	12.794
	 

	
	49
	39.33333
	2360.0
	1
	89.29
	13.66

	
	 
	 
	2361.0
	 
	89.29
	 

	
	50
	39.35
	2361.0
	14
	12.844
	13.69

	
	 
	 
	2375.0
	 
	12.844
	 

	
	51
	39.58333
	2375.0
	1
	89.29
	13.74

	
	 
	 
	2376.0
	 
	89.29
	 

	
	52
	39.6
	2376.0
	14
	12.97
	13.76

	
	 
	 
	2390.0
	 
	12.97
	 

	
	53
	39.83333
	2390.0
	1
	89.29
	13.81

	
	 
	 
	2391.0
	 
	89.29
	 

	
	54
	39.85
	2391.0
	569
	11.5
	13.84

	
	 
	 
	2960.0
	 
	11.5
	 

	
	55
	49.33333
	2960.0
	750
	12.5
	15.65

	
	 
	 
	3710.0
	 
	12.5
	 

	
	56
	61.83333
	3710.0
	1
	90.07
	18.26

	
	 
	 
	3711.0
	 
	90.07
	 

	
	57
	61.85
	3711.0
	209
	12.5
	18.28

	
	 
	 
	3920.0
	 
	12.5
	 

	
	58
	65.33333
	3920.0
	1
	64.9
	19.01

	
	 
	 
	3921.0
	 
	64.9
	 

	
	59
	65.35
	3921.0
	497
	13
	19.03

	
	 
	 
	4418.0
	 
	13
	 

	
	60
	73.63333
	4418.0
	1
	90.55
	20.82

	
	 
	 
	4419.0
	 
	90.55
	 

	
	61
	73.65
	4419.0
	427
	14
	20.85

	
	 
	 
	4846.0
	 
	14
	 

	
	62
	80.76667
	4846.0
	1
	47.02
	22.51

	
	 
	 
	4847.0
	 
	47.02
	 

	
	63
	80.78333
	4847.0
	41
	14.709
	22.52

	
	 
	 
	4888.0
	 
	14.709
	 

	
	64
	81.46667
	4888.0
	61
	17
	22.69

	
	 
	 
	4949.0
	 
	17
	 

	
	65
	82.48333
	4949.0
	25
	27.77
	22.97

	
	 
	 
	4974.0
	 
	27.77
	 

	
	66
	82.9
	4974.0
	118
	13.89
	23.17

	
	 
	 
	5092.0
	 
	13.89
	 

	
	67
	84.86667
	5092.0
	2
	60.87
	23.62

	
	 
	 
	5094.0
	 
	60.87
	 

	
	68
	84.9
	5094.0
	119
	14.58
	23.66

	
	 
	 
	5213.0
	 
	14.58
	 

	
	69
	86.88333
	5213.0
	1
	55.59
	24.14

	
	 
	 
	5214.0
	 
	55.59
	 

	
	70
	86.9
	5214.0
	134
	14.308
	24.15

	
	 
	 
	5348.0
	 
	14.308
	 

	
	71
	89.13333
	5348.0
	48
	19.22
	24.69

	
	 
	 
	5396.0
	 
	19.22
	 

	
	72
	89.93333
	5396.0
	2
	48.32
	24.94

	
	 
	 
	5398.0
	 
	48.32
	 

	
	73
	89.96667
	5398.0
	12
	22.22
	24.97

	
	 
	 
	5410.0
	 
	22.22
	 

	
	74
	90.16667
	5410.0
	25
	24.28
	25.04

	
	 
	 
	5435.0
	 
	24.28
	 

	
	75
	90.58333
	5435.0
	1
	60.99
	25.21

	
	 
	 
	5436.0
	 
	60.99
	 

	
	76
	90.6
	5436.0
	20
	23.515
	25.23

	
	 
	 
	5456.0
	 
	23.515
	 

	
	77
	90.93333
	5456.0
	1
	48.76
	25.36

	
	 
	 
	5457.0
	 
	48.76
	 

	
	78
	90.95
	5457.0
	52
	19
	25.37

	
	 
	 
	5509.0
	 
	19
	 

	
	79
	91.81667
	5509.0
	2
	48.41
	25.65

	
	 
	 
	5511.0
	 
	48.41
	 

	
	80
	91.85
	5511.0
	52
	22.56
	25.67

	
	 
	 
	5563.0
	 
	22.56
	 

	
	81
	92.71667
	5563.0
	3
	92.57
	26.00

	
	 
	 
	5566.0
	 
	92.57
	 

	
	82
	92.76667
	5566.0
	16
	22.58
	26.08

	
	 
	 
	5582.0
	 
	22.58
	 

	
	83
	93.03333
	5582.0
	7
	45.57
	26.18

	
	 
	 
	5589.0
	 
	45.57
	 

	
	84
	93.15
	5589.0
	10
	29.28
	26.27

	
	 
	 
	5599.0
	 
	29.28
	 

	
	85
	93.31667
	5599.0
	2
	93.71
	26.35

	
	 
	 
	5601.0
	 
	93.71
	 

	
	86
	93.35
	5601.0
	6
	42.2
	26.40

	
	 
	 
	5607.0
	 
	42.2
	 

	
	87
	93.45
	5607.0
	4
	53.916
	26.47

	
	 
	 
	5611.0
	 
	53.916
	 

	
	88
	93.51667
	5611.0
	6
	76.941
	26.53

	
	 
	 
	5617.0
	 
	76.941
	 

	
	89
	93.61667
	5617.0
	3
	129.3
	26.66

	
	 
	 
	5620.0
	 
	129.3
	 

	
	90
	93.66667
	5620.0
	2
	56.16
	26.77

	
	 
	 
	5622.0
	 
	56.16
	 

	
	91
	93.7
	5622.0
	2
	43.05
	26.80

	
	 
	 
	5624.0
	 
	43.05
	 

	
	92
	93.73333
	5624.0
	2
	32.67
	26.82

	
	 
	 
	5626.0
	 
	32.67
	 

	
	93
	93.76667
	5626.0
	5
	45.4
	26.84

	
	 
	 
	5631.0
	 
	45.4
	 

	
	94
	93.85
	5631.0
	1
	23.37
	26.90

	
	 
	 
	5632.0
	 
	23.37
	 

	Last Descent Step
	95
	93.86667
	5632.0
	308
	13
	26.91

	
	 
	 
	5940.0
	 
	13
	 

	
	 
	99
	5940.0
	 
	0
	28.02

	
	 
	 
	 
	 
	 
	 











