STEP 2011 Application Form
Section 5.0: STEP Study Plan








TEXT BOX:  Sample volumes for biological analysis.  
(1) ≥50 m (zooplankton) size fraction:  State the (a) target concentration of organisms (# m-3), (b) sample volume per test run, (c) the volume of the concentrated sample and (d) the number and volume of sub-samples of concentrate to be assayed. Indicate the approach to be used to collect the sample and concentrate it.  Note if this follows the guidance presented.  It is understood that the final volumes are determined by the detection limit required by the Applicant to determine if the treatment goal has been reached.

(2) <50 µm & ≥10 µm (protists) size fraction: State the (a) target concentration (# org mL-1), (b) sample volume per test run, (c) the volume of the concentrated sample and (d) the number and volume of sub-samples of concentrate to be assayed. Indicate the approach to be used to collect the sample and concentrate it.  Note if this is in compliance with the guidance presented.  It is understood that the final volumes are determined by the detection limit required by the Applicant to determine if the treatment goal has been reached.

(3) <10 m size fraction: State the sample volume and if any concentration step is to be used and the volumes to be assayed using the method presented in the previous text box.  Link the volumes to the desired detection limit (i.e., # organisms per mL).


The large volumes of sample water that may require collection for the zooplankton size fraction can cause problems of disposal in the shipboard test environment.  The "traditional" method of disposing of processed sample water in the bilge is not practical because of operational constraints associated with bilge water removal and disposal.  In addition, ballast water management regulations preclude discharge of untreated ballast water, as from control tanks, if used.  It is therefore important that the test plan include the approach for handling and disposing of large volumes of sample water used.  While in some cases it may be possible to dispose of the used sample water via the ship’s bilge water system, arrangements should be made to pump it directly over the side, back into a ballast tank, or through the BWT system, as necessary to meet applicable regulations. 
TEXT BOX:  Disposal of processed water collected for biological analysis.  
(1) Indicate the approximate volume of water generated in sampling that will need disposal post-processing and the approach that will be employed for disposal.
(2) If control (untreated) water will be collected, indicate how it will be discharged post-processing to ensure that it meets the need for STEP vessels to "treat all ballast water" before discharge.

1000	10	20	30	40	50	60	70	80	90	100	120	140	160	180	200	250	300	350	400	500	156	78	52	39	31.2	26	22.285714285714104	19.5	17.333333333333176	15.6	13	11.142857142857141	9.75	8.6666666666666767	7.8	6.24	5.2	4.4571428571428555	3.9	3.12	800	10	20	30	40	50	60	70	80	90	100	120	140	160	180	200	250	300	350	400	500	124.8	62.4	41.6	31.2	24.959999999999987	20.8	17.828571428571433	15.6	13.866666666666742	12.48	10.4	8.9142857142857146	7.8	6.9333333333333753	6.24	4.992	4.1599999999999975	3.5657142857142858	3.12	2.4959999999999987	600	10	20	30	40	50	60	70	80	90	100	120	140	160	180	200	250	300	350	400	500	78	39	26	19.5	15.6	13	11.142857142857141	9.75	8.6666666666666767	7.8	6.5	5.5714285714285712	4.875	4.3333333333333579	3.9	3.12	2.6	2.2285714285714469	1.9500000000000055	1.56	500	10	20	30	40	50	60	70	80	90	100	120	140	160	180	200	250	300	350	400	500	93.6	46.8	31.2	23.4	18.72	15.6	13.37142857142857	11.7	10.4	9.3600000000000048	7.8	6.6857142857142851	5.85	5.2	4.68	3.7440000000000002	3.12	2.6742857142857144	2.34	1.8720000000000001	400	10	20	30	40	50	60	70	80	90	100	120	140	160	180	200	250	300	350	400	62.4	31.2	20.8	15.6	12.48	10.4	8.9142857142857146	7.8	6.9333333333333753	6.24	5.2	4.4571428571428555	3.9	3.4666666666666663	3.12	2.4959999999999987	2.08	1.7828571428571429	1.56	300	10	20	30	40	50	60	70	80	90	100	120	140	160	180	200	250	300	46.8	23.4	15.6	11.7	9.3600000000000048	7.8	6.6857142857142851	5.85	5.2	4.68	3.9	3.3428571428571425	2.9249999999999998	2.6	2.34	1.8720000000000001	1.56	200	10	20	30	40	50	60	70	80	90	100	120	140	160	180	200	31.2	15.6	10.4	7.8	6.24	5.2	4.4571428571428555	3.9	3.4666666666666663	3.12	2.6	2.2285714285714469	1.9500000000000055	1.7333333333333332	1.56	100	10	20	30	40	50	60	70	80	90	100	15.6	7.8	5.2	3.9	3.12	2.6	2.2285714285714469	1.9500000000000055	1.7333333333333332	1.56	Volume of Concentrated Sample Analyzed (ml) [Col. C]

Required Ballast Water Sample Volume (m3) [Col. F]
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Threshold Count of Living Organisms per m3
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Table 5.4.  VOLUME CALCULATOR

This table computes the minimum volume of ballast water that must be collected and analyzed for viability 

of the >50 µm zooplankton size fraction with enough statistical power to validly discern that the treatment 

system does not allow more than the target number of organisms per m

3

to be discharged.  Note that the 

computed sample volume represents the minimum value and that increasing the sample volume increases 

the ability to discriminate between the experimental results and the selected target number of organims 

(Col. A) as presented in Figure 5-3.

1) Double click on the table to activate for making entries.  Click on desired cells A-D and enter numbers 

as described below.  Do notmake entries into cells E and F, as values shown are computed.  When 

finished click outside the table to return to text.

2) COLUMN A:Enter target number of organisms per m3 (i.e., 10 org/m

3

, 1 org/m

3

, etc.).

3) COLUMN B:Enter  volume that the sample will be concentrated to (ml).

4) COLUMN C:Enter the volume (ml) of the concentrated sample that will be analyzed for viability.

5) COLUMN D:Enter the number of consecutive samples collected over the entire deballesting event that 

will be combined in a given experimental run.  On occasions where the time required for obtaining time-

integrated samples during complete emptying of the ballast tank exceeds recommend sample holding 

times, it may be necessary to sequentially collect a number of equal volume samples during deballasting 

so that viability analysis of a given sample can begin before maximum holding times are exceeded (divide 

the total time required for deballasting the test ballast tank by the desired maximum holding times to 

acquire the nearest integer estimate of the number of sequentially collected samples that will be 

required; e.g., 8 hr deballisting time / 2hr maximum holding = 4 sequentially collected samples; Enter 4).

6) COLUMN E (Computed):Required volume (m

3

) of each ballast water sample to be combined into a 

single experimental event.  

7) COLUMN F (Computed):Required total sample volume (m

3

) collected from a single experimental event 

(i.e., to be used in statistical analysis for comparison to the target [Col. A].  
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		A		B		C		D		E		F

		Target # organisms    per m^3		Concentrated Volume (ml)		Volume of Concentrated Sample Analyzed (ml)		Number of Samples to be Combined in a Single Run		Required Volume of Each Sample to be Combined into a Single Run [Col. D] (m^3)		Required Total Volume Analyzed in a Single Run (m^3)

		10		1000		100		1		15.60		15.60

						







																Legend Conc. Vol. (ml)		Concentrated Volume (ml)		Volume of Concentrated Sample Analyzed (ml)		Required Volume That Must Be Filtered (m^3)

																1000		1000		10		156.0		0.01

																800		1000		20		78.0		0.01

																600		1000		30		52.0		0.02

																500		1000		40		39.0		0.03

																400		1000		50		31.2		0.03

																300		1000		60		26.0		0.04

																200		1000		70		22.3		0.04

																100		1000		80		19.5		0.05

																		1000		90		17.3		0.06

																		1000		100		15.6		0.06

																		1000		120		13.0		0.08

																		1000		140		11.1		0.09

																		1000		160		9.8		0.10

																		1000		180		8.7		0.12

																		1000		200		7.8		0.13

																		1000		250		6.2		0.16

																		1000		300		5.2		0.19

																		1000		350		4.5		0.22

																		1000		400		3.9		0.26

																		1000		500		3.1		0.32



																		800		10		124.8		0.01

																		800		20		62.4		0.02

																		800		30		41.6		0.02

																		800		40		31.2		0.03

																		800		50		25.0		0.04

																		800		60		20.8		0.05

																		800		70		17.8		0.06

																		800		80		15.6		0.06

																		800		90		13.9		0.07

																		800		100		12.5		0.08

																		800		120		10.4		0.10

																		800		140		8.9		0.11

																		800		160		7.8		0.13

																		800		180		6.9		0.14

																		800		200		6.2		0.16

																		800		250		5.0		0.20

																		800		300		4.2		0.24

																		800		350		3.6		0.28

																		800		400		3.1		0.32

																		800		500		2.5		0.40



																		600		10		93.6		0.01

																		600		20		46.8		0.02

																		600		30		31.2		0.03

																		600		40		23.4		0.04

																		600		50		18.7		0.05

																		600		60		15.6		0.06

																		600		70		13.4		0.07

																		600		80		11.7		0.09

																		600		90		10.4		0.10

																		600		100		9.4		0.11

																		600		120		7.8		0.13

																		600		140		6.7		0.15

																		600		160		5.9		0.17

																		600		180		5.2		0.19

																		600		200		4.7		0.21

																		600		250		3.7		0.27

																		600		300		3.1		0.32

																		600		350		2.7		0.37

																		600		400		2.3		0.43

																		600		500		1.9		0.53



																		500		10		78.0		0.01

																		500		20		39.0		0.03

																		500		30		26.0		0.04

																		500		40		19.5		0.05

																		500		50		15.6		0.06

																		500		60		13.0		0.08

																		500		70		11.1		0.09

																		500		80		9.8		0.10

																		500		90		8.7		0.12

																		500		100		7.8		0.13

																		500		120		6.5		0.15

																		500		140		5.6		0.18

																		500		160		4.9		0.21

																		500		180		4.3		0.23

																		500		200		3.9		0.26

																		500		250		3.1		0.32

																		500		300		2.6		0.38

																		500		350		2.2		0.45

																		500		400		2.0		0.51

																		500		500		1.6		0.64



																		400		10		62.4		0.02

																		400		20		31.2		0.03

																		400		30		20.8		0.05

																		400		40		15.6		0.06

																		400		50		12.5		0.08

																		400		60		10.4		0.10

																		400		70		8.9		0.11

																		400		80		7.8		0.13

																		400		90		6.9		0.14

																		400		100		6.2		0.16

																		400		120		5.2		0.19

																		400		140		4.5		0.22

																		400		160		3.9		0.26

																		400		180		3.5		0.29

																		400		200		3.1		0.32

																		400		250		2.5		0.40

																		400		300		2.1		0.48

																		400		350		1.8		0.56

																		400		400		1.6		0.64

																		400



																		300		10		46.8		0.02

																		300		20		23.4		0.04

																		300		30		15.6		0.06

																		300		40		11.7		0.09

																		300		50		9.4		0.11

																		300		60		7.8		0.13

																		300		70		6.7		0.15

																		300		80		5.9		0.17

																		300		90		5.2		0.19

																		300		100		4.7		0.21

																		300		120		3.9		0.26

																		300		140		3.3		0.30

																		300		160		2.9		0.34

																		300		180		2.6		0.38

																		300		200		2.3		0.43

																		300		250		1.9		0.53

																		300		300		1.6		0.64

																		300

																		300

																		300



																		200		10		31.2		0.03

																		200		20		15.6		0.06

																		200		30		10.4		0.10

																		200		40		7.8		0.13

																		200		50		6.2		0.16

																		200		60		5.2		0.19

																		200		70		4.5		0.22

																		200		80		3.9		0.26

																		200		90		3.5		0.29

																		200		100		3.1		0.32

																		200		120		2.6		0.38

																		200		140		2.2		0.45

																		200		160		2.0		0.51

																		200		180		1.7		0.58

																		200		200		1.6		0.64

																		200

																		200

																		200

																		200

																		200



																		100		10		15.6		0.06

																		100		20		7.8		0.13

																		100		30		5.2		0.19

																		100		40		3.9		0.26

																		100		50		3.1		0.32

																		100		60		2.6		0.38

																		100		70		2.2		0.45

																		100		80		2.0		0.51

																		100		90		1.7		0.58

																		100		100		1.6		0.64

																		100

																		100

																		100

																		100

																		100

																		100

																		100

																		100

																		100

																		100



Table 5.4.  VOLUME CALCULATOR
This table computes the minimum volume of ballast water that must be collected and analyzed for viability of the >50 µm zooplankton size fraction with enough statistical power to validly discern that the treatment system does not allow more than the target number of organisms per m3 to be discharged.  Note that the computed sample volume represents the minimum value and that increasing the sample volume increases the ability to discriminate between the experimental results and the selected target number of organims (Col. A) as presented in Figure 5-3.
  
1) Double click on the table to activate for making entries.  Click on desired cells A-D and enter numbers as described below.  Do not make entries into cells E and F, as values shown are computed.  When finished click outside the table to return to text.
2) COLUMN A:  Enter target number of organisms per m3 (i.e., 10 org/m3, 1 org/m3, etc.).
3) COLUMN B:  Enter  volume that the sample will be concentrated to (ml).
4) COLUMN C:  Enter the volume (ml) of the concentrated sample that will be analyzed for viability.
5) COLUMN D:  Enter the number of consecutive samples collected over the entire deballesting event that will be combined in a given experimental run.  On occasions where the time required for obtaining time-integrated samples during complete emptying of the ballast tank exceeds recommend sample holding times, it may be necessary to sequentially collect a number of equal volume samples during deballasting so that viability analysis of a given sample can begin before maximum holding times are exceeded (divide the total time required for deballasting the test ballast tank by the desired maximum holding times to acquire the nearest integer estimate of the number of sequentially collected samples that will be required; e.g., 8 hr deballisting time / 2 hr maximum holding = 4 sequentially collected samples; Enter 4).
6) COLUMN E (Computed):  Required volume (m3) of each ballast water sample to be combined into a single experimental event.  
7) COLUMN F (Computed):  Required total sample volume (m3) collected from a single experimental event (i.e., to be used in statistical analysis for comparison to the target [Col. A].  
 

1000	10	20	30	40	50	60	70	80	90	100	120	140	160	180	200	250	300	350	400	500	156	78	52	39	31.2	26	22.285714285714285	19.5	17.333333333333332	15.6	13	11.142857142857142	9.75	8.6666666666666661	7.8	6.24	5.2	4.4571428571428573	3.9	3.12	800	10	20	30	40	50	60	70	80	90	100	120	140	160	180	200	250	300	350	400	500	124.8	62.4	41.6	31.2	24.96	20.8	17.828571428571429	15.6	13.866666666666665	12.48	10.4	8.9142857142857146	7.8	6.9333333333333327	6.24	4.992	4.16	3.5657142857142858	3.12	2.496	600	10	20	30	40	50	60	70	80	90	100	120	140	160	180	200	250	300	350	400	500	78	39	26	19.5	15.6	13	11.142857142857142	9.75	8.6666666666666661	7.8	6.5	5.5714285714285712	4.875	4.333333333333333	3.9	3.12	2.6	2.2285714285714286	1.95	1.56	500	10	20	30	40	50	60	70	80	90	100	120	140	160	180	200	250	300	350	400	500	93.6	46.8	31.2	23.4	18.72	15.6	13.37142857142857	11.7	10.4	9.36	7.8	6.6857142857142851	5.85	5.2	4.68	3.7440000000000002	3.12	2.6742857142857144	2.34	1.8720000000000001	400	10	20	30	40	50	60	70	80	90	100	120	140	160	180	200	250	300	350	400	62.4	31.2	20.8	15.6	12.48	10.4	8.9142857142857146	7.8	6.9333333333333327	6.24	5.2	4.4571428571428573	3.9	3.4666666666666663	3.12	2.496	2.08	1.7828571428571429	1.56	300	10	20	30	40	50	60	70	80	90	100	120	140	160	180	200	250	300	46.8	23.4	15.6	11.7	9.36	7.8	6.6857142857142851	5.85	5.2	4.68	3.9	3.3428571428571425	2.9249999999999998	2.6	2.34	1.8720000000000001	1.56	200	10	20	30	40	50	60	70	80	90	100	120	140	160	180	200	31.2	15.6	10.4	7.8	6.24	5.2	4.4571428571428573	3.9	3.4666666666666663	3.12	2.6	2.2285714285714286	1.95	1.7333333333333332	1.56	100	10	20	30	40	50	60	70	80	90	100	15.6	7.8	5.2	3.9	3.12	2.6	2.2285714285714286	1.95	1.7333333333333332	1.56	Volume of Concentrated Sample Analyzed (ml) [Col. C]



Required Ballast Water Sample Volume (m3) [Col. F]



1000	10	20	30	40	50	60	70	80	90	100	120	140	160	180	200	250	300	350	400	500	156	78	52	39	31.2	26	22.285714285714285	19.5	17.333333333333332	15.6	13	11.142857142857142	9.75	8.6666666666666661	7.8	6.24	5.2	4.4571428571428573	3.9	3.12	800	10	20	30	40	50	60	70	80	90	100	120	140	160	180	200	250	300	350	400	500	124.8	62.4	41.6	31.2	24.96	20.8	17.828571428571429	15.6	13.866666666666665	12.48	10.4	8.9142857142857146	7.8	6.9333333333333327	6.24	4.992	4.16	3.5657142857142858	3.12	2.496	600	10	20	30	40	50	60	70	80	90	100	120	140	160	180	200	250	300	350	400	500	78	39	26	19.5	15.6	13	11.142857142857142	9.75	8.6666666666666661	7.8	6.5	5.5714285714285712	4.875	4.333333333333333	3.9	3.12	2.6	2.2285714285714286	1.95	1.56	500	10	20	30	40	50	60	70	80	90	100	120	140	160	180	200	250	300	350	400	500	93.6	46.8	31.2	23.4	18.72	15.6	13.37142857142857	11.7	10.4	9.36	7.8	6.6857142857142851	5.85	5.2	4.68	3.7440000000000002	3.12	2.6742857142857144	2.34	1.8720000000000001	400	10	20	30	40	50	60	70	80	90	100	120	140	160	180	200	250	300	350	400	62.4	31.2	20.8	15.6	12.48	10.4	8.9142857142857146	7.8	6.9333333333333327	6.24	5.2	4.4571428571428573	3.9	3.4666666666666663	3.12	2.496	2.08	1.7828571428571429	1.56	300	10	20	30	40	50	60	70	80	90	100	120	140	160	180	200	250	300	46.8	23.4	15.6	11.7	9.36	7.8	6.6857142857142851	5.85	5.2	4.68	3.9	3.3428571428571425	2.9249999999999998	2.6	2.34	1.8720000000000001	1.56	200	10	20	30	40	50	60	70	80	90	100	120	140	160	180	200	31.2	15.6	10.4	7.8	6.24	5.2	4.4571428571428573	3.9	3.4666666666666663	3.12	2.6	2.2285714285714286	1.95	1.7333333333333332	1.56	100	10	20	30	40	50	60	70	80	90	100	15.6	7.8	5.2	3.9	3.12	2.6	2.2285714285714286	1.95	1.7333333333333332	1.56	Volume of Concentrated Sample Analyzed (ml)
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Figure 5.2.  Graphical representation of the COLUMN F output of the Volume Calculator.  Assumptions:  Target number of organisms, 10 per m3 [Col. A in Calculator]; number of samples combined in a single run, 1 [Col. D].  The volume of concentrated sample [Col. B] is indicated in the legend.
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